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SUMMARY 
1,2-Dihydro-1,2,4,6,8-penta-azanaphthalene and its 
mono-, di-, and tri-f-methyl derivatives (II-6, 15, 21) 
were made by one or more of the following synthetic 
routes: (~) by reductive cyclization of 4-a-ethoxy-
alkylidenehydrazino-5-nitropyrimidines (II-5, 12), 
(~) by reductive cyclization of simple 4-2'-acyl-
hydrazino-5-nitropyrimidines (II-11, 24), or(~) by 
direct treatment of 5-amino-4-hydrazinopyrimidines 
(II-14, 20) with triethyl orthoformate. Oxidation 
of these dihydro compounds using silver oxide in 
tetrahydrofuran gave the aromatic 1,2,4,6,8-penta-
azanaphthalenes (II-36), of which the 3-methyl, 
3,7-dimethyl, and 3,5,7-trimethyl derivatives were 
sufficiently stable for complete characterization; 
others were confirmed in structure by the character-
istic ultraviolet spectra of their solutions in 
cyclohexane. Addition of methanol to those aromatic 
compounds lacking a 5-methyl group gave isolable 
5,6-adducts, which were subsequently oxidized by 
silver oxide to the corresponding aromatic 
5-methoxypenta-azanaphth alenes (II-29, 35, 38). Two 
of these were made unambiguously for structural 
confirmation. 
,__ 
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1 V 
Nucleophilic displacements were used to make the 
5-amino, 5-methylthio, 5-oxo, and other analogues from 
5-methoxy-3-methylpenta-azanaphthalene; 3-methylpenta-
azanaphthalene- 5-one was made also by reductive 
cyclization of 4-2'-acetylhydrazino-5-nitropyrimidine-
6-one and subsequent oxidation of the 1,2-dihydropenta-
azanaphthalene. 
7-Methoxy-1,2,4,6,8-penta-azanaphthalene and its 
C-methyl derivatives (II-47) were prepared by reductive 
cyclization of 4-a-ethoxyalkylidenehydrazino-2-
methoxy-5-nitropyrimidines, followed by oxidation of 
the (unisolated) 1,2-dihydro-7-methoxypenta-
azanaphthalenes (II-44). Unlike the 5-isomers, the 
7-methoxy compounds decomposed rapidly on attempting 
to hydrolyse them to the corresponding 7-oxo analogues; 
alternative approaches to the 7-oxo compounds via 
appropriate pyrimidine-2-ones gave only 7-nitro-
1,2,3a,5-tetra-azaindene-4-ones (II-58). Again, those 
7-methoxypenta-azanaphthalenes lacking a 5-methyl group 
formed 5,6-adducts with ethanol, methanol, or 
methanethiol; without isolation these were oxidized to 
the corresponding 5,7-dialkoxy- or 7-methoxy-5-
methylthio-penta-azanaphthalene (II-52, 53, 81) 
either by silver oxide or mercuric oxide . 
V 
7-Butylaminopenta-azanaphthalene, made in situ 
from 7-chloro-1,2-dihydropenta-azanaphthalene (II-104) 
and butylamine, underwent addition of butylamine or 
water across the 5,6-bond. Unlike the other adducts, 
these were oxidized spontaneously by air to give the 
aromatic 5,7-bisbutylaminopenta-azanaphthalene 
(II-107) and its 5-oxo analogue. Similarly, penta-
azanaphthalene-5,7-dione (II-96) was made from the 
chlorodihydro compound and aqueous sodium hydroxide 
under mild conditions. 7-Chloro-1,2-dihydropenta-
azanaphthalene and its 5-methyl derivative underwent 
ring contraction in boiling formic acid to give 
9-formamidopurine-2-one (II-93) and its 6-methyl 
derivative, respectively. 
Alkoxy derivatives of 1,2,4,6,8-penta-
azanaphthalene underwent transetherification by 
boiling alcohols in the presence of silver oxide. 
Thus appropriate methoxy compounds gave 5-ethoxy-, 
5-propoxy-, and (more slowly) 5-isopropoxy-3-
methylpenta-azanaphthalene; also 5,7-diethoxy-, 
5,7-dipropoxy-, 5,7-diethoxy-3-methyl-, and 
5-ethoxy-3,7-dimethyl-penta-azanaphthalene . 
4-Methoxypteridine underwent transetherification 
similarly, but simple alkoxypyrimidines and 
vi 
.. 
alkoxypyridines were resistant. · However, the more 
activated 2-methoxy-, 4-methoxy-, and 2,4-dimethoxy-
5-nitropyrimidine easily gave their respective propoxy 
homologues, and so did 2-methoxy-3,5-dinitropyridine. 
In contrast, 2,4-dimethoxy-6-methyl-5-nitropyrimidine 
underwent only mono-transetherification to give its 
4-methoxy-2-propoxy homologue (II-86), and both 
4,6-dimethoxy- and 4-methoxy-2,6-dimethyl-5-
nitropyrimidine remained unchanged. 
The classical transetherification agent, 
ethanolic sodium ethoxide, reacted with 5,7-
dimethoxypenta-azanaphthalene (II-75) to give 
7-ethoxypenta-azanaphthalene-5-one (II-77); another 
classical agent, ethanolic hydrogen chloride, gave 
only penta-azanaphthalene-5,7-dione (II-78). 
The ionization constants, ultraviolet spectra, 
and proton magnetic resonance spectra were measured 
and are discussed . 
Vi i 
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CHAPTER I 
INTRODUCTION TO THE 1,2,4,6,8-PENTA-AZANAPHTHALENES 
1. Relationship to Pteridines 
Many of the interesting properties associated with 
the pteridine nucleus (I-1) arise from a marked local-
ization of n-electrons brought about by the electron-
withdrawing nitrogen atoms (Albert, 1952, 1964). Such 
properties are exemplified in the extreme ease of 
nucleophilic displacement of chloro, alkylthio, or 
alkoxy substituents (Brown, England, and Lyall, 1966; 
Barlin and Brown, 1969); also in the important phenomena 
of covalent hydration and similar additions at the 
highly polarized double bonds (Albert and Armarego, 
1965). 
Substitution of the pteridine nucleus with 
electron-withdrawing substituents would be expected to 
accentuate such properties. However, at the inception 
of this work, only a few simple pteridines bearing such 
substituents were known because of difficulties in their 
preparation. Even now, the only examples are some 
conventionally prepared 4-carboxylic acid derivatives 
(Clark, 1967; Clark and Pendergast, 1968) and 2-ethoxy-
carbonylpteridine, made via a dihydropteridine by 
1 
Albert and Ohta (1970) . 
covalent additions avidly. 
These do, in fact, undergo 
The synthesis of simple 11 monoazapteridines 11 offers 
an alternative way of providing additional electron-
withdrawal in pteridines. This is clear in comparing 
the pK value of pyridine (5 . 2) with those of 
-a 
3-nitropyridine (0 . 8) and 3-azapyridine (pyrimidine: 1.2) 
where the powerfully electron-withdrawing nitro group and 
the additional ( 'aza') ring nitrogen atom have comparable 
effects on the basic strength of pyridine; again, the 
chemical shifts (in CC1 4 ) of all the f-protons of 
1,3,5-trinitrobenzene (0.71T), 5-nitropyrimidine 
(ca 0.33T), and 1,3,5-triazine (0 . 45 T) are of the same 
order, showing the electronic similarity of the nitro 
and aza grouping (Biffin, Brown, and Lee, 1967a) . 
Of the four possible 11 monoazapteridines 11 , the 
7-azapteridine or 1,2,4,6,8-penta-azanaphthalene series 
(I-2) is of particular interest, mainly because three 
naturally occurring antibiotics (toxoflavin, fervenulin, 
and 2-methylfervenulone) are all members of this series. 
Indeed, at the time when the present work was commenced 
(1968), a considerable amount of chemistry had appeared 
in connection with the above natural products. However, 
a more fundamental approach to the series had not been 
attempted, and very few simple 1,2,4,6,8-penta-azanaph-
2 
Pteridine 
( I - 1) 
1,2,4,6,8-Penta-azanaphthalene 
11 7-Azapteridine" 
( I - 2) 
3 
4 
thalenes were known. Accordingly, the primary aim of the 
work to be described was to prepare the parent penta-
azanaphthalene, its alkyl derivatives, and representatives 
bearing one (or at most two) functional substituents such 
as hydroxy, amino, alkoxy, or mercapto; in addition, to 
investigate the chemical and physical properties of such 
compounds, with special reference to comparison with the 
pteridines. 
2. Review of Previous Work 
A. Natural Products and Their Analogues 
In 1958, Pfleiderer and Schundehutte reported the 
preparation of 6,8-dimethyl-1,2,4,6,8-penta-azanaph-
thalene-5,7-dione (I-4, R=H) and its 3-methyl derivative 
(I-4, R=Me) by reductive cyclization of the pyrimidines 
(I-3, R=H or Me), followed by spontaneous oxidation. 
This is the first record of the preparation and properties 
of a 1,2,4,6,8-penta-azanaphthalene . These compounds 
later attracted considerable interest as a result of 
elucidation of the structure of the naturally occurring 
antibiotic, toxoflavin, by van Damme, Johannes, Cox, 
and Berends in 1960, and because of later work (see below). 
Toxoflavin was isolated by van Veen and Mertens (1934) 
as one of the toxic principles from the micro-organism, 
Pseudomonas cocovenenans. These workers proved that the 
o cc as i on a 1 very hi g h to xi c i ty of 11 bong k re k 11 , a pop u 1 a r 
Javanese food made from coconut, was caused by conta min-
ation of the food with the above bacter i um during 
preparation. The structure (I-5) originally proposed 
for toxoflavin (van Veen and Baars, 1938) was supposed 
to be a stable tautomer of 1-methylxanthine (I-5a) with 
very different physical and chemical properties 
(van Damme, Johannes, Cox, and Berends, 1960 and the 
references therein). Eventually a reinvestigation, 
based on chemical degradation of toxoflavin, led 
van Damme, Johannes, Cox, and Berends (1960) to suggest 
the structure (I-6, R=H) for toxoflavin. This found 
support in X-ray diffraction (Hellendoorn, Cate-Dhont, 
and Peerdeman, 1961) and finally in an unambiguous 
synthesis of toxoflavin by Daves, Robins, and Cheng 
(1961a, 1962): 6-chloro-5-formamido-3-methyluracil 
(I-7, R=H) and methylhydrazine underwent cyclization and 
subsequent oxidation to give l,6-dimethyl-1,2,4,6,8-
Penta-azanaphthalene-5,7-dione (I-6, R=H), which was 
shown to be identical with toxoflavin. The antibiotic 
11 xanthothricin 11 , isolated from a culture of a member of 
the genus Streptomyces (Machlowitz, Fisher, McKay, 
Tytell, and Charney, 1954), eventually proved to be 
simply toxoflavin (Latuasan and Berends, 1961; Daves, 
Robins, and Cheng, 1961a, 1962). 
5 
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A second important example of the natural occurrence 
of a penta-azanaphthalene became apparent on confirmation 
of the structure of fervenulin, a yellow crystalline 
antibiotic isolated from Streptomyces fervenus (DeBoer, 
Dietz, Evans, and Michaels, 1960; Eble, Olson, Large, 
and Shell, 1960). Thus Daves, Robins, and Cheng (1961b) 
showed that fervenulin was identical with 6,8-dimethyl-
1,2,4,6,8-penta-azanaphthalene-5,7-dione (I-4, R=H), 
. . . . 
which had been made earlier by Pfleiderer and Schundehutte 
(1958) as described above. Two other antibiotics, 
planomycin (from Streptomyces rubrireticuli) and MSD-92 
(from an actinomycete; Miller, Chaiet, Arison, Walker, 
Trenner, and Wolf, 1963) were both thought to be members 
of this series. The former proved to be fervenulin 
(Tanabe, Asahi, Nishikawa, Shima, Kuwada, Kanzawa, and 
Ogata, 1963) but the latter was shown to be 2,6,8-
trimethyl-1,2,4,6,8-penta-azanaphthalene-3,5,7-trione 
(Taylor and Sowinski, 1969) as described below. 
Since the structures of these natural products 
became apparent, much effort has gone into their syntheses 
and into making closely related analogues with a view to 
possible biological activities. 
The 3-methyl derivative (I-6, R=Me) of toxoflavin 
was made by a similar route to that used for its parent: 
7 
(I-8) 
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H2N N,.Me 
HN/J N,,,.lO 
~~ 
(I-10) 
0 
(I-12) 
OHCHNHN 
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0 
11 
C-NH 2 
(I-13) 
tt 
0 
(I-14) 
ring closure of 5-acetamido-6-chloro-3-methyluracil 
(I-7, R=Me) with methylhydrazine and subsequent spontan-
eous oxidation (Daves, Robins, and Cheno, 1962). The 
same type of synthetic route was used again: 5-acetamido-
6-chlorouracil with hydrazine gave the isolable inter-
mediate, 5-acetamido-6-hydrazinouracil, which on heating 
in diphenyl ether underwent cyclization and dehydrogen-
ation to give 3-methyl-1,2,4,6,8-penta-azanaphthalene-
5,7-dione (Kwana-Yuen, Zee-Chenq, and Chena, 1968). 
By a route analogous to that used for making 
fervenulin, 8-demethylfervenulin (I-8) [or 1-demethyl-
toxoflavin (I-9)] was made together with a tetra-
azaindene (I-10): catalytic hydrogenation of 
6-2'-formylhydrazino-3-methyl-5-nitrouracil (I-11) 
followed by prolonged stirring of the reaction mixture 
in air gave the separable mixture (I-8/1-9 + I-10) 
(Liao, Baiocchi, and Cheng, 1966). 
Temple, Kussner, and Montgomery (1968, 1969a) 
employed 6-amino-1,2,4-triazine-5-carboxamide (I-13) 
for the synthesis of fervenulin: the triazine with 
9 
phosgene gave 1,2,4,6,8-penta-azanaphthalene-5,7-dione 
(I-12), which reacted with methyl iodide to give fervenulin. 
Similarly, the triazine gave 1,2,4,6,8-penta-azanaphthal-
ene-5-one (I-14) either in one step using diethoxymethyl 
acetate [AcOCH(OEt) 2J or v,a 6-formamido-1,2,4-triazine-
5-carboxamide. This general method is limited because 
of difficulties in making appropriate triazine intermed-
iates. In fact, the triazine (I-13) has been made only 
by alkaline degradation of the penta-azanaphthalene-
5-one (I-14) ! 
10 
In 1969, Pfleiderer and Blankenhorn reported a new 
synthetic route to fervenulin and its 3-alkyl derivatives. 
A variety of 6-alkylidenehydrazino-1,3-dimethyl-5-
nitrosouracils (I-17), made from 6-hydrazino-1,3-
dimethyl-5-nitrosouracil (I-15) with aldehydes or by 
nitrosation of 6-alkylidenehydrazino-1,3-dimethyluracil 
(I-16), underwent acid-catalysed cyclization and 
subsequent dehydration to yield fervenulin (I-19, R=H) 
and thirteen of its 3-alkyl derivatives. 
reaction mechanism involving the sequence 
A possible 
(I-17) ~ (I-18) ~ (I-20) ~ (I-19) has been suggested. 
Another new and convenient synthesis of fervenulin 
1s due to Taylor and Sowinski (1968). They made 
5-(1 1 ,2'-diethoxycarbonylhydrazino)-6-hydrazino-1,3-
dimethyluracil (I-21) by the reaction of 6-hydrazino-
1,3-dimethyluracil with diethyl azodicarboxylate . 
The pyrimidine (I-21) on treatment with phosphoryl 
chloride in dimethylformamide gave fervenulin in only 
one step. An alternative route to fervenulin was also 
0 
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reported: stirring the pyrimidine (I-21) with ethanolic 
sodium ethoxide gave the 3-oxo derivative (I-22) of 
fervenulin, which was converted into fervenulin convent-
ionally via its 3-chloro and 3-hydrazino derivatives. 
Removal of the hydrazino qroup was accomplished 
oxidatively by using mercuric oxide . 
In 1969, Taylor and Sowinski reported another 
synthetic route to the penta-azanaphthalene-3,5,7-trione 
(I-22): heating 4-(6-chloro-1,2,3,4-tetrahydro-l,3-
dimethyl-2,4-dioxopyrimidin-5-yl)semicarbazide 
(I-23, R=H) under vacuum gave l,2-dihydro-6,8-dimethyl-
penta-azanaphthalene-3,5,7-trione (I-25, R=H) which was 
dehydrogenated to the penta-azanaphthalene-3,5,7-trione 
(I-22) using 2,3-dichloro-5,6-dicyano-l,4-benzoquinone. 
Similar treatment of the pyrimidinyl-2-methylsemi-
carbazide (I-23, R=Me) resulted in a rearranged product 
(I-25, R=Me). The structure (I-25, R=Me) was confirmed 
by its resistance towards oxidation and eventually by an 
unambiguous synthesis from the pyrimidine (I-26). 
However, on treatment with aqueous sodium acetate, the 
pyrimidinyl-2-methylsemicarbazide (I-23, R=Me) 
underwent normal cyclization and subsequent oxidation 
to give 2,6,8-trimethyl-1,2,4,6,8-penta-azanaphthalene-
3,5,7-trione (I-24). This product was identical with 
13 
14 
the antibiotic MSD-92. MSD-92, now usually called 
2-methylfervenulone, was made more conveniently by 
methylation of the penta-azanaphthalene-3,5,7-trione 
(I-22) with methyl iodide; in contrast, methylation of 
the trione (I-22) with diazomethane qave a mixture of 
2-methylfervenulone, its 4-methyl and 3-~-methyl isomers. 
No data have been reported on the biological 
activities of the above analogues to the naturally 
occurring 1,2,4,6,8-penta-azanaphthalenes. 
B. Simple Derivatives 
As it has been mentioned already, the more fundam-
ental aspects of 1,2,4,6,8-penta-azanaphthalene chemistry 
were almost totally neglected prior to 1968, apart from 
some limited work on a few 1,2-dihydro derivatives. 
Montgomery and Temple (1960) found that 5-amino-
4-hydrazinopyrimidine (I-27, R=H) or its 6-chloro 
derivative (I-27, R=Cl) cyclized with formic acid to 
give 9-aminopurine (I-28, R=R'=H), or 9-formamido-
hypoxanthine (I-28, R=OH, R'=CHO) respectively, rather 
than the desired 1,2-dihydro-1,2,4,6,8-penta-azanaphth-
alenes. Similarly, 5-amino-4-chloro-6-hydrazino-
pyrimidine with phosgene or thiophosgene gave exclusively 
9-amino-6-chloropurine-8-one or the 8-thione, respect-
ively (Krackov and Christensen, 1963); and 5-amino-4-
R 
(I-27) 
H2N~N 
H
2
N-~ r N.J 
R 
(I-29) 
(l-31) 
(I-33) 
II 
R /l,~N \AJ 
N N 
I 
NHR 1 
(I-28) 
( I - 30) 
Cl 
EtOHC=Nl~N 
Cl~N) 
(I-32) 
Cl 
~N 
~ 
N' 
(I-34) 
15 
hydrazino-6-methylpyrimidine with formic acid gave a 
mixture of 9-formamido-6-methylpurine and 1,2-dihydro-
5-methyl-1,2,4,6,8-penta-azanaphthalene (Taylor, 
Barton, and Paudler, 1961). 
1,2-Dihydro-1,2,4,6,8-penta-azanaphthalenes and 
9-aminopurines are isomeric and all too often the purine 
has resulted from a synthetic route designed to furnish 
a 1,2-dihydropenta-azanaphthalene from a 5-amino-4-
(unsubstituted)hydrazinopyrimidine. 
16 
However, when 5-amino-4-1 1 -methylhydrazinopyrimidine 
(I-29, R=Me) and 5-amino-4-1 1 -benzylhydrazinopyrimidine 
(I-29, R=CH 2Ph) were employed for cyclization with 
formic acid, the corresponding 1-alkyl-1,2-dihydropenta-
azanaphthalenes (I-30, R=Me or CH 2Ph) were formed easily. 
Unfortunately, all attempts to remove the benzyl group 
from (I-30, R=CH 2Ph) were unsuccessful. In a similar 
way, l-benzyl-5-chloro-l,2-dihydro-1,2,4,6,8-penta-
azanaphthalene was made from 5-amino-4-1 1 -benzyl-
hydrazino-6-chloropyrimidine (Montgomery and Temple, 
1960), and 5-amino-4-chloro-6-1 1 -methylhydrazino-
pyrimidine underwent cyclization with phosgene to give 
5-chloro-1,2-dihydro-l-methylpenta-azanaphthalene-3-one 
in good yield (Krackov and Christensen, 1963). 
Temple, McKee, and Montgomery (1963) employed 
triethyl orthoformate together with a catalytic amount 
of hydrochloric acid to make 5-chloro-1,2-dihydro-1-
methyl- and 5-chloro-1,2-dihydro-l,2-dimethyl-penta-
azanaphthalene from 5-amino-4-chloro-6-1 1 -methyl-
hydrazino- and 5-amino-4-chloro-6-1 1 ,2 1 -dimethyl-
hydrazino-pyrimidine, respectively. They found that 
the same reaqents were also effective in making 
5-chloro-1,2-dihydropenta-azanaphthalene (I-33) 
(in 62% yield) from 5-amino-4-chloro-6-hydrazino-
pyrimidine (I-31), whereas an alternative preparation of 
the 1,2-dihydro-penta-azanaphthalene (I-33) from 
4,6-dichloro-5-ethoxymethyleneaminopyrimidine (I-32) 
and hydrazine gave only a 26% yield. An attempt to 
prepare the same penta-azanaphthalene (I-33) from 
5-amino-4-chloro-6-2 1 -formylhydrazinopyrimidine (I-34) 
failed. These useful reagents were employed again to 
make 5-benzylthio-1,2-dihydropenta-azanaphthalene from 
5-amino-4-benzylthio-6-hydrazinopyrimidine, but the 
analogous 5-thio-, 5-oxo-, and 5-amino-penta-azanaph-
thalenes could not be obtained satisfactorily by this 
method (Temple, Kussner, and Montgomery, 1969a,b). 
17 
Unlike 5-amino-4-chloro-6-2 1 -formylhydrazino-
pyrimidine (I-34), 4-(2'-acetyl-1'-methyl)hydrazino-5-
amino-6-chloropyrimidine underwent acid-catalysed 
cyclization to give 5-chloro-1,2-dihydro-1,3-dimethyl-
penta-azanaphthalene (Temple, McKee, and Montgomery, 
1963). In a similar manner, Polya and Shanks (1964) 
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made several 1,2-dihydro-penta-azanaphthalenes: 
4-2 1 -benzoylhydrazino- and 4-2'-methoxycarbonylhydrazino-
2-chloro-6-methyl-5-nitropyrimidines (I-36, R=Ph or OMe) 
were prepared from 2,4-dichloro-6-methyl-5-nitro-
pyrimidine (I-35) and benzoylhydrazine or methoxy-
carbonylhydrazine, respectively; the nitropyrimidines 
(I-36, R=Ph or OMe), on catalytic hydrogenation over 
palladium-on-carbon and subsequent cyclization, gave 
the corresponding 1,2-dihydro-5-methyl-3-phenylpenta-
azanaphthalene (I-37, R=Ph) and 1,2-dihydro-5-methyl-
penta-azanaphthalene-3-one (I-37, R=OH). Replacement 
of the 2-chloro substituent in the pyrimidine (I-36, 
R=OMe) by an aniline or hydroxy group, followed by 
reductive cyclization gave 7-anilino-1,2-dihydro-5-
methylpenta-azanaphthalene-3-one and the 3,7-dione 
respectively. The 5-demethyl homologues of the 
1,2-dihydro-5-methylpenta-azanaphthalenes (I-37, R=Ph 
or OH) were made in the same way from 2,4-dichloro-5-
... 
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nitropyrimidine. It was claimed that oxidation of 
1,2-dihydropenta-azanaphthalene-3-one with aqueous 
alkaline permanganate gave a hydrate of 1,2,4,6,8-
penta-azanaphthalene-3-one . 
20 
By using a synthetic route similar to that used for 
making toxoflavin, Temple and Montgomery (1963) made 
5-amino-3-ethylpenta-azanaphthalene (I-39) from 
4-amino-6-chloro-5- a-ethoxypropylideneaminopyrimidine 
(I-38) and hydrazine in the presence of phosphate salts. 
The product reacted under mild conditions with hydrazine, 
benzylamine, or sodium hydroxide to give the analogous 
5-hydrazino- or 5-benzylamino-3-ethylpenta-azanaphthalene 
(I-41, X=NHNH 2 or NHCH 2Ph) and 3-ethylpenta-azanaphthalene-
5-one (I-40), respectively. 5-Amino-3-methylpenta-
azanaphthalene was made similarly from 4-amino-6-chloro-
5-a-ethoxyethylideneaminopyrimidine and hydrazine, and 
then converted into the corresponding 5-oxo derivative 
as above. However, neither 5-aminopenta-azanaphthalene 
nor its oxo-analogue could be made in this way (Temple, 
Kussner, and Montgomery, 1969a) . 
In a recent investigation, Temple, Kussner, and 
Montgomery (1968, 1969a) found that 5-chloro-1,2-
dihydropenta-azanaphthalene reacted with sodium azide 1n 
aqueous ethanol to give 5-aminopenta-azanaphthalene (I-42) 
Cl (N"- ~N :1 N) ...... H/ 'N 
I 
H 
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1n good yield. They proposed the following reaction 
sequence: 5-chloro-1,2-dihydropenta-azanaphthalene with 
sodium azide first gave 5-azido-1,2-dihydropenta-
azanaphthalene, which then underwent spontaneous dehydro-
genation and loss of nitrogen. With aqueous ammonia, 
the 5-chloro-1,2-dihydropenta-azanaphthalene gave penta-
azanaphthalene-5-one (I-43) 1n poor yield. The 
5-aminopenta-azanaphthalene (I-42), like its 3-ethyl 
derivative, underwent nucleophilic displacement of its 
5-amino group by hydrazine or ethylamine to give 
5-hydrazino- or 5-ethylamino-penta-azanaphthalene 
(I-44, X=NHNH 2 or NHEt), respectively. The reaction 
required a catalytic amount of hydrochloric acid; in 
its absence, such treatment of 5-aminopenta-azanaphth-
alene resulted in the formation of a ring-opened 
product, 6-amino-1,2,4-triazine-5-carboxamide hydrazone 
(I-46, R=NH 2) or 6-amino-1,2,4-triazine-5-~-ethyl-
carboxamidine (I-46, R=Et), respectively. The ring-
22 
opening reaction of penta-azanaphthalene-5-one (I-43), 
best obtained by hydrolysis of 5-aminopenta-azanaphthalene 
(I-42) with sodium hydroxide under mild conditions, to 
a triazine (I-48) is described in the previous section. 
This ring-opening of simple aromatic penta-
azanaphthalenes differs from that of simple 1,2-dihydro-
penta-azanaphthalenes, in which the triazine ring 
invariably has undergone fission to give a 5-amino-4-
23 
hydrazinopyrimidine or even 9-aminopurine . For example, 
1,2-dihydropenta-azanaphthalene-5-one (I-45)(prepared 
in situ by reduction of its aromatic analogue with 
sodium dithionite in acetic acid) underwent ring 
contraction to give 9-aminohypoxanthine (I-47) via 
5-formamido-4-hydrazinopyrimidine-6-one (Temple, 
Kussner, and Montgomery, 1969a). In contrast, Taylor, 
Barton, and Paudler (1961) observed that 9-formamido-
6-methylpurine (I-49) underwent ring expansion on mild 
acidic hydrolysis to give 1,2-dihydro-5-methylpenta-
azanaphthalene (I-51), which in turn experienced a 
ring contraction to 9-amino-6-methylpurine (I-52), 
followed by rapid cleavage of the imidazole ring to give 
5-amino-4-hydrazino-6-methylpyrimidine (I-53). 
9-~-Aminobenzylideneamino-6-methylpurine (I-50) behaved 
in the same way . Similar ring-fission reactions were 
reported by Temple, McKee, and Montgomery (1963): the 
triazine ring of 5-chloro-1,2-dihydro-1,2-dimethylpenta-
azanaphthalene opened rapidly in 0.1~-sodium hydroxide 
or hydrochloric acid to give 5-amino-4-chloro-6-1 1 ,2'-
dimethylhydrazinopyrim idine. When treated similarly, 
5-chloro-1,2-dihydropenta-azanaphthalene gave 
Me 
N / '-. I -...;:: N 
~N N) 
r 
N 
I 
NHCHO 
(I-49) 
t 
N 
Me 
I ~N 
H/ 'N N J , 
H 
(I-51) 
H Cl 
I 
/N~N 
o- Jl J 
~N N 
I 
NH 2 
(I-54) 
~ 
.... 
<N 
N 
r 
Me 
N=CHC 6H4-NH 2(p) 
(I-50) 
Me 
<N 
N 
I 
NH 2 
(I-52) 
t Me 
H2N 
I 
H2NHN 
( I-53) 
H Cl 
O~N 
I 
~N 
NJ N H/ 'N · 
I 
H 
(I-55) 
24 
25 
5-amino-4-chloro-6-hydrazinopy rimi dine, but when heated 
with formic acid, i t gave 9-formamidopurine-6-one via the 
intermediate 4-chloro-5-formamido-6-2'-formylhydrazino-
pyrimidine . 
Krackov and Christensen (1963) observed the formation 
of 5-chloro-1,2-dihydropenta-azanaphthalene-3-one (I-55) 
on treatment of 9-amino-6-chloropurine-8-one (I-54) with 
alcoholic hydrogen chloride . 
l,2-Dihydropenta-azanaphthalene-5-thione (I-58) was 
made by treating 5-chloro-1,2-dihydropenta-azanaphthalene 
(I-33) with sodium hydrogen sulphide (Temple, Kussner, 
and Montgomery, 1969b). This compound (I-58) underwent 
ring-opening in hydrochloric acid to give 5-amino-4-
hydrazino-6-mercaptopyrimidine, but when treated with 
trifluoroacetic acid, it rearranged into 7-trifluoro-
acetylhydrazinothiazolo[5,4-~]pyrimid ine (I-57) via 
the pyrimidine (I-56). This rearrangement was reversible. 
The 1,2-dihydropenta-azanaphthalene-5-thione (I-58) 
was converted into its ~-methyl and ~-benzyl derivatives 
(I-59, R=Me or CH 2Ph) in the usual way . The 
dihydropenta-azanaphthalene-5-th ione (I-58) and the 
thioethers (I-59, R=Me or CH 2Ph) were all dehydrogenated 
by diethyl azodicarboxylate to the corresponding aromatic 
compounds (I-60) and (I-61, R=Me or CH 2Ph) . The 
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dihydro-thioethers (I-59) reverted into the parent 
thione (I-58) on treatment with sodium hydrogen sulphide 
but similar treatment of the aromatic methylthio ether 
(I-61, R=Me) gave the dihydrothione (I-58) instead of 
the expected aromatic thione (I-60). This is t he onl y 
known example in the penta-azanaphthalene series where 
the reduction of aromatic penta-azanaphthalenes gave 
isolable dihydro derivatives. The aromatic benzyl-
thiopenta-azanaphthalene (I-61, R=CH 2Ph) underwent 
aminolysis to give the corresponding 5-aminopenta-
azanaphthalene and its analogues under very mild 
conditions. 
No biological activities have been recorded to 
date for the above mentioned simple penta-azanap hthalenes. 
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CHAPTER II 
RESULTS AND DISCUSSION 
1. Syntheses of 1,2,4,6,8-Penta-azanaphthalene and 
Some Methyl, Di hydro~ and s~Alkoxy Derivatives 
The chemistry of the parent 1,2,4,6,8-penta-azanaphth-
alene and its f-methyl derivatives was entirely unknown, 
in spite of a certain theoretical · fascination. Only a 
small number of 1,2-dihydropenta-azanaphthalenes, which 
would be desirable intermediates for preparing such 
compounds, were available because of the difficulties 
inherent in their preparation. 
The portion of the present work to be described in 
this chapter includes syntheses of l,2-dihydro-1,2,4,6,8-
penta-azanaphthalene and all its possible f-methyl 
derivatives from appropriate pyrimidine intermediates; 
oxidation of these dihydro compounds to the corresponding 
aromatic penta-azanaphthalenes; and the covalent-addition 
reactions of the aromatic compounds to give 5,6-adducts. 
A preliminary account of some of this work was published 
1n 1968 by Biffin and Brown; an appropriate acknowledgement 
1s made in the experimental section to each compound 
prepared in collaboration with Dr M.E.C. Biffin. 
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Recently, the synthesis of 4-hydrazino-5-nitro-
pyrimidine (II-3, R=H) was reported by Biffin, Brown, and 
Porter (1968): hydrazinolysis of the readily available 
4-chloro-6-methoxy-5-nitropyrimidine (II-1, R=H) under 
strictly controlled conditions gave 4-hydrazino-6-
methoxy-5-nitropyrimidine (II-2, R=H), which on oxidative 
removal of the hydrazine group using silver oxide, 
followed by hydrazinolysis gave the product (II-3, R=H). 
This hydrazinopyrimidine and triethyl orthoformate gave 
4-ethoxymethylenehydrazino-5-nitropyrimidine (II-5, 
R=R'=H), which on catalytic hydrogenation underwent 
cyclization to give the parent 1,2-dihydropenta-
azanaphthalene (II-6, R=R'=H) in 72% yield. Similarly, 
the same hydrazinopyrimidine (II-3, R=H) and triethyl 
orthoacetate gave 4-a-ethoxyethylidenehydrazino-5-nitro-
pyrimidine (II-5, R=H, R'=Me), which underwent reductive 
cyclization to give l,2-dihydro-3-methyl-1,2,4,6,8-
penta-azanaphthalene (II-6, R=H, R'=Me) . 4-Hydrazino-
2-methyl-5-nitropyrimidine (II-3, R=Me) was made by a 
route similar to that used for its 2-demethyl homologue, 
viz. from 4-chloro-6-methoxy-2-methyl-5-nitropyrimidine 
(II-1, R=Me)(Urban and Schnider, 1958) via the 
intermediates, 4-hydrazino-6-methoxy-2-methyl-5-
nitropyrimidine (II-2, R=Me) and 4-methoxy-2-methyl-5-
29 
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nitropyrimidine (II-4, R=Me) . As above, the pyrimidine 
(II-3, R=Me) gave 1,2-dihydro-7-methyl-1,2,4,6,8-penta-
azanaphthalene (II-6, R=Me, R'=H) and 1,2-dihydro-3,7-
dimethyl-1,2,4,6,8-penta-azanaphthalene (II-6, R=R'=Me) 
via 4-ethoxymethylenehydrazino-2-methyl-5-nitropyrimidine 
(II-5, R=Me, R'=H) and its 4-a-ethoxyethylidenehydrazino 
analogue (II-5, R=R'=Me), respectively. 4-Hydrazino-
2,6-dimethyl-5-nitropyrimidine (II-8), made from 
4-chloro-2,6-dimethyl-5-nitropyrimidine (II-7)(Urban 
and Schnider, 1958) and hydrazine, reacted with triethyl 
orthoacetate to give 4-a-ethoxyethylidenehydrazino-2,6-
dimethyl-5-nitropyrimidine (II-12), which underwent 
reductive cyclization as above to give 1,2-dihydro-
3,5,7-trimethyl-1,2,4,6,8-penta-azanaphthalene (II-15, 
R=Me). However, attempts to make the ethoxymethylene 
derivative of the hydrazinopyrimidine (II-8) with 
triethyl orthoformate led only to 4,6-dimethyl-7-nitro-
l,2,3a,5-tetra-azaindene (II-9, X=N0 2); hydrogenation of 
this nitro compound gave the 7-amino analogue (II-9, 
X=NH 2 ). Application of this general method to the 
preparation of 1,2-dihydro-5-methyl-1,2,4,6,8-penta-
azanaphthalene (II-21, R=H) and its 3-methyl derivative 
(II-21, R=Me) was limited by the availability of the 
essential intermediate, 4-methyl-5-nitropyrimidine-6-one, 
in only very poor yield (see experimental). 
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A second synthetic route to 1,2-dihydropenta-
azanaphthalenes involved direct cyclization of 5-amino-
4-hydrazinopyrimidines: 5-amino-4-hydrazino-2,6-
dimethylpyrimidine (II-14), made from 5-amino-4-chloro-
2,6-dimethylpyrimidine (II-10) and hydrazine, reacted 
with triethyl orthoformate under neutral conditions to 
give 1,2-dihydro-5,7-dimethyl-1,2,4,6,8-penta-azanaphth-
alene (II-15, R=H); under acidic conditions, 9-amino-
2,6-dimethylpurine (II-13) was formed, probably because 
protonation at the 6-nitrogen atom of the hydrazine 
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group redirected acylation to the 5-amino group with 
subsequent formation of an imidazole ring on cyclization. 
In a similar way, 5-amino-4-hydrazinopyrimidine 
(Montgomery and Temple, 1960) reacted with triethyl 
orthoformate to give 1,2-dihydro-1,2,4,6,8-penta-
azanaphthalene (II-6, R=R 1 =H). 5-Amino-4-hydrazino-6-
methylpyrimidine (II-20; Taylor, Barton, and Paudler, 
1961) and triethyl orthoformate gave 1,2-dihydro-5-
methyl-1,2,4,6,8-penta-azanaphthalene (II-21, R=H; 
Taylor, Barton, and Paudler, 1961) under conditions 
similar to those used above; but with triethyl orthoacetate, 
only 9-a-ethoxyethylideneamino-6,8-dimethylpur!ne (II-23) 
was formed, and none of the desired 1,2-dihydro-3,5-
dimethyl-1,2,4,6,8-penta-azanaphthalene (II-21, R=Me) 
could be detected . 
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A third method involved reductive cyclization of 
simple acylated hydrazinopyrimidines: 4-2'-acetylhydrazino-
2-chloro-6-methyl-5-nitropyrimidine (II-24; Polya and 
Shanks, 1964) on hydrogenation over palladium-on-carbon 
and subsequent acid-catalysed cyclization gave l,2-
dihydro-3,5-dimethyl-1,2,4,6,8-penta-azanaphthalene 
(II-21, R=Me). Similarly, 4-2'-formylhydrazino-2,6-
dimethyl-5-nitropyrimidine (II-11), made from the 
hydrazinopyrimidine (II-8) and formic acid, gave 
l,2-dihydro-5,7-dimethyl-1,2,4,6,8-penta-azanaphthalene 
(II-15, R=H) . 
A fourth synthetic route based on that used for 
toxoflavin (see Chapter I) proved unsuccessful: 
5-amino-4-methyl-6-methylthiopyrimidine (II-17; Taylor, 
Barton, and Paudler, 1961) was converted into 5-formamido-
4-methyl-6-methylthiopyrimidine (II-18, R=H) or its 
5-acetamido analogue (II-18, R=Me) in the usual way; 
treatment of these with hydrazine gave not the desired 
1,2-dihydro-penta-azanaphthalenes (II-21, R=H or Me), but 
a mixture of 5-amino-4-methyl-6-methylthiopyrimidine 
(II-17) and its 4-hydrazino analoque (II-20) in each case . 
An alternative route involving the more reactive 4-chloro-
5-formamido-6-methylpyrimidine (II-22) proved impractic-
able because of the low yield during chlorination of the 
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precursor (II-19), made from 5-ami no-4-m ethylpyrimidine-
6-one (II-16) and formic acid . 
All these 1,2-dihydropenta-azanaphthalenes were 
unstable and decomposed fairly quickly in water; in 
contrast, the isomeric 9-aminopurines and 7-amino-
1,2,3a,5-tetra-azaindene were stable. 
1,2-Dihydro-3-methylpenta-azanaphthalene was 
oxidized with silver oxide in anhydrous tetrahydrofuran 
containing barium oxide to give the deep red aromatic 
3-methylpenta-azanaphthalene (II-25). In the absence 
of barium oxide to remove the water produced during 
oxidation, an unstable yellow product was formed; a 
similar compound was formed on allowing the red compound 
to stand in moist air. This compound was suspected to 
be the 5,6-hydrate (II-26), but it could not be purified 
satisfactorily due to further decomposition. However, 
two corresponding alcoholates were obtained in a pure 
state: evaporation of a methanolic or ethanolic solution 
of the 3-methylpenta-azanaphthalene (II-25) gave the 
covalent methanol-adduct (II-27) or its 5-ethoxy 
homologue (II-28), respectively. The structures of 
these adducts were confirmed as follows: both the 
methanol- and ethanol-adducts were oxidized with silver 
oxide in methanol to give the fully aromatic 5-methoxy-
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3-methylpenta-azanaphthalene (II-29). The aromatic 
5-methoxy compound was made unambiguously by the following 
sequence: 4-hydrazino-6-methoxy-5-nitropyrimidine (Biffin, 
Brown and Lee, 1967b) and triethyl orthoacetate gave 
4-a-ethoxyethylidenehydrazino-6-methoxy-5-nitropyrimidine 
(II-30), which on catalytic hydrogenation underwent 
cyclization to give l,2-dihydro-5-methoxy-3-methylpenta-
azanaphthalene (II-31); subsequent dehydrogenation by 
silver oxide in methanol gave the 5-methoxy compound 
(II-29). The same 5-methoxy compound was obtained also 
in one operation by oxidizing the 1,2-dihydro-3-methyl-
penta-azanaphthalene with silver oxide in methanol, 
probably by the sequence (II-25) + (II-27) + (II-29). 
Such methoxylation during oxidation has at present no 
parallel in the pteridine series, although the oxidation 
(Albert, Brown, and Cheeseman, 1952a; Brown and Mason, 
1956; Albert, Lister, and Pedersen, 1956; Jacobsen, 1966) 
of covalent hydrates to the corresponding hydroxypteridines 
may be analogous to the last step in the process. 
The parent 1,2-dihydropenta-azanaphthalene was 
oxidized 1n a way similar to its 3-methyl derivative. 
The resulting aromatic 1,2,4,6,8-penta-azanaphthalene 
(II-32) was confirmed in structure by the characteristic 
u.v. spectrum of its solution in cyclohexane (see 
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Section 5); attempts at isolation were unsuccessful due to 
profound decomposition during sublimation prior to analysis . 
To provide support to the above structure, a solution of 
the aromatic compo_und was converted into the covalent 
5,6-methanol adduct (II-33), which was subsequently 
dehydrogenated to the aromatic 5-methoxypenta-
azanaphthalene (II-35). The structure of the 5-methoxy 
compound was confirmed by the very close similarity of 
the u.v . spectrum to that of the 3-methyl derivative 
(see Section 5) and eventually by an independent synthesis: 
5-chloro-1,2-dihydropenta-azanaphthalene (II-34; Temple, 
McKee, and Montgonery, 1963) was treated with silver oxide 
in anhydrous methanol to give 5-methoxypenta-
azanaphthalene (II-35). The reaction probably involved 
the following sequence: the 5-chloro-1,2-dihydropenta-
azanaphthalene was dehydrogenated to give the very 
reactive aromatic 5-chloropenta-azanaphthalene, which 
immediately underwent nucleophilic replacement of the 
chloro substituent by a methoxy group to give the required 
methoxypenta-azanaphthalene. Oxidation of the parent 
dihydro compound in methanol or ethanol by silver oxide 
gave 5-methoxypenta-azanaphthalene or its 5-ethoxy 
homologue by a sequence similar to that for 5-methoxy-3-
methylpenta-azanaphthalene. 
Each of the other 1,2-dihydropenta-azanaphthalenes 
was oxidized by silver oxide in tetrahydrofuran in the 
presence of barium oxide to give the corresponding 
aromatic penta-azanaphthalene (II-36). Of these, 
3,7-dimethylpenta-azanaphthalene (II-36, R=R"=Me, R1 =H) 
and 3,5,7-trimethylpenta-azanaphthalene (II-36, 
R=R 1 =R 11 =Me) survived sublimation prior to analysis and 
were fully characterized; others were confirmed 1n 
structure by the characteristic u.v. spectra of their 
solutions (see Section 5). In addition, those aromatic 
compounds lackin~ a methyl group at the 5-position, viz. 
(II-36, R1 =H), were converted into the 5,6-methanol 
adducts (II-37), which were subsequently oxidized to 
the aromatic 5-methoxypenta-azanaphthalenes (II-38) by 
silver oxide in methanol. The blocking effect of a 
methyl group (Albert and Armarego, 1965; Albert and 
Reich, 1961; Albert and Howell, 1962) at the potential 
reaction site prevented the aromatic 5-methylpenta-
azanaphthalenes (II-36, R1 =Me) forming 5,6-adducts with 
methanol; instead, a mixture of decomposition products 
resulted in each case. The aromatic penta-
azanaphthalenes and their methanol adducts all changed 
fairly rapidly in aqueous solution with darkening. 
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However, a fresh solution of 3,7-dimethylpenta-
azanaphthalene (II-36, R=R 11 =Me, R1 =H) in o2o 
showed a clean 1H n.m.r. spectrum indicating 
5,6-covalent hydration (see Section 5). 
Thus, at least in their ability to form isolable 
methanol adducts, 1,2,4,6,8-penta-azanaphthalene and 
its methyl derivatives resemble pteridines bearing an 
electron-withdrawing group (Clark, 1967, 1968; Clark 
and Pendergast, 1968; Albert and Ohta, 1970), rather 
than unsubstituted pteridine which exists only partly as 
an adduct even in aqueous (Albert, Batterham, and 
McCormack, 1966) or alcoholic (Batterham, personal 
communication) solution. The 5,6-bond in penta-
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azanaphthalene, being even more polarized by electron-
withdrawal than the corresponding 3,4-bond in pteridine, 
is more prone to addition of methanol; the resulting 
adduct is stabilized by resonance, (II-39a) <~->(II-39b) . 
The remarkable stability of the alcohol or water adducts 
of pteridine-2-one and related compounds (Albert, Brown, 
and Cheeseman, 1952a; Brown and Mason, 1956; Albert, 
Lister, and Pedersen, 1956) depends on a different type 
of stabilizing resonance (Albert and Armarego, 1965) . 
Clark (1967, 1968) showed that covalent hydration 
of 4-ethoxycarbonylpteridine and its methyl derivatives 
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was reversible. In contrast, the analogous covalent 
addition of methanol to 1,2,4,6,8-penta-azanaphthalene 
and its methyl derivatives was practically irreversible . 
Therefore it seems likely that the penta-azanaphthalenes 
have even smaller aromatic-resonance stabilization than 
such pteridines, due to enhanced localization of 
n-electrons by the additional electron-withdrawing 
ring-nitrogen. Covalent addition of methanol to 
penta-azanaphthalenes breaks the remaining aromatic 
resonance, but the 5,6-adducts formed gain a larger 
measure of stabilization from the above mentioned 
resonance, (II-39a)<~-> (II-39b), while the triazine 
ring retains its normal aromaticity. Clearly, the 
penta-azanaphthalenes were stabilized by introducing 
an electron-donating 5-methoxy group. The rapid 
exchange (mentioned above) of the ethoxy group of 
5-ethoxy-5,6-dihydro-3-methylpenta-azanaphthalene 
(II-28) for a methoxy group during oxidation into 
aromatic 5-methoxy-3-methylpenta-azanaphthalene (II-29) 
occurs not from a simple equilibrium such as (ethanol 
adduct) -+ + (parent compound) -+ + (methanol adduct), 
but by a mechanism to be discussed in Section 3 . 
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Many 7,8-dihydropteridines undergo nucleophilic 
addition by appropriate nucleophiles across the 5,6-double 
bond (Elderfield and Mehta, 1967). However, no evidence 
was obtained to support an analogous addition to the 
1,2-dihydropenta-azanaphthalenes; the 3,4-bond of 
1,2-dihydropenta-azanaphthalene may be stabilized by 
the resonance, (II-40a)<~->(II-40b), whereas no such 
stabilization is possible 1n 7,8-dihydropteridines. 
However, the ring opening or contraction of 1,2-dihydro-
penta-azanaphthalenes to a 5-amino-4-hydrazinopyrimidine 
or a 9-aminopurine (see Chapter I) may involve addition 
of water to the 3,4-bond under pertaining acidic or 
alkaline conditions. 
2. Attempts to Prepare Mono-oxo Derivatives 
of 1,2,4,6,8-Penta-azanaphthalene 
The simple mono-oxo derivatives of 1,2,4,6,8-
penta-azanaphthalene are important in any investigation 
of the fundamental chemical and physical properties of 
the ring system because they stand between the unstable 
parent penta-azanaphthalene and its I-methyl derivatives 
on the one hand, and the naturally occurring dioxo-
and trioxo-penta-azanaphthalenes, on the other. 
Primary syntheses of 1,2,4,6,8-penta-azanaphthalene-
5-one and its I-alkyl derivatives have not been 
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accomplished yet, but such compounds have been made 
recently by indirect methods involving alkaline hydrolysis 
of the corresponding 5-amino or 5-benzylthio derivatives 
(Temple, Kussner, . and Montgomery, 1968, 1969a,b; Temple 
and Montgomery, 1963). There are no recorded attempts 
to make penta-azanaphthalene-7-ones. 
The penta-azanaphthalene-7-ones (II-48) were 
approached first through the corresponding 7-methoxy 
compounds (II-47). 2,4-Dimethoxy-5-nitropyrimidine 
(II-41, R=H; Brown, 1957) and hydrazine hydrate in 
alcohol gave 4-hydrazino-2-methoxy-5-nitropyrimidine 
(II-42, R=H); orientation of the hydrazino compound was 
confirmed by converting it into the known 2-methoxy-
5-nitropyrimidine (II-43; Brown and Foster, 1966) by 
treatment with silver oxide, and also by its conversion 
into 7-methoxypenta-azanaphthalene below . The 
hydrazinopyrimidine (II-42, R=H) and triethyl ortho-
formate gave the ethoxymethylene derivative (II-45, 
R=R'=H), which underwent cyclization during hydrogenation 
in tetrahydrofuran over palladium-on-carbon to give the 
unstable 1,2-dihydro-7-methoxypenta-azanaphthalene 
(II-44, R=R'=H); without isolation,this was oxidized 
with silver oxide to give the aromatic 7-methoxypenta-
azanaphthalene (II-47, R=R'=H). The same 4-hydrazino-
pyrimidine (II-42, R=H) and triethyl orthoacetate gave 
the ethoxyethylidenehydrazinopyrimidine (II-45, R=H, 
R'=Me), which on reductive cyclization and subsequent 
oxidation as above gave 7-methoxy-3-methylpenta-
azanaphthalene (II-47, R=H, R'=Me). Similarly, 
2,4-dimethoxy-6-methyl-5-nitropyrimidine (II-41, R=Me; 
Backer and Grevenstuk, 1945) and hydrazine hydrate gave 
4-hydrazino-2-methoxy-6-methyl-5-nitropyrimidine (II-42, 
R=Me). This pyrimidine, as its 6-demethyl homologue, 
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gave both 7-methoxy-5-methylpenta-azanaphthalene (II-47, 
R=Me, R'=H) and its 3-methyl derivative (II-47, R=R 1 =Me) 
via the intermediates, ethoxyalkylidenehydrazino-
pyrimidines (II-45, R=Me, R'=H or Me) and 1,2-dihydro-
7-methoxypenta-azanaphthalenes (II-44, R=Me, R1 =H or Me), 
respectively. 
When the hydrazinopyrimidine (II-42, R=Me) was 
treated with triethyl orthoformate under conditions more 
vigorous than those used above, cyclization of the 
ethoxymethylenehydrazinopyrimidine (II-45, R=Me, R1 =H) 
occurred immediately to give 4-methoxy-6-methyl-7-
nitro-l,2,3a,5-tetra-azaindene (II-46). This was 
reduced to the 7-amino analogue (II-49), isomeric with 
the dihydropenta-azanaphthalene (II-44, R=Me, R1 =H), 
but unaffected by silver oxide. 
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The above 7-methoxypenta-azanaphthalenes were less 
stable than their 5-isomers and changed fairly quickly 
1n aqueous solutions. Hence, attempts to hydrolyse them 
to the corresponding penta-azanaphthalene-7-ones (II-48) 
failed. 
Those 7-methoxypenta-azanaphthalenes lacking a 
methyl group at the 5-position formed 5,6-adducts 
(II-50, R=H or Me; II-51) with methanol or methanethiol; 
without isolation, these were oxidized to the 
5,7-dimethoxypenta-azanaphthalenes (II-52, R=H or Me) or 
7-methoxy-5-methylthiopenta-azanaphthalene (II-53). 
7-Methoxy-5-methylpenta-azanaphthalenes (II-47, R=Me, 
R'=H or Me) decomposed even on treatment with methanol 
as above. The structure of the 5,7-dimethoxy compound 
(II-51, R=H) was confirmed by acidic hydrolysis to 
penta-azanaphthalene-5,7-dione (II-54), which was made 
recently as an intermediate for fervenulin (Temple, 
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Kussner, and Montgomery, 1968, 1969a). Alkaline partial 
hydrolysis of the same dimethoxy compound (II-52, R=H) 
under gentle conditions gave 7-methoxypenta-azanaphthalene-
5-one (II-55), of which the structure was confirmed by 
making the same compound from the thioether (II-53) by 
alkaline partial hydrolysis as above. Acidic hydrolysis 
of the 7-methoxypenta-azanaphthalene-5-one (II-55) gave 
the above 5,7-dioxo compound (II-54). 
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Alternative approaches to the penta-azanaphthalene-
7-ones via appropriate 4-hydrazinopyrimidine-2-ones 
(II-56) led only to 1,2,3a,5-tetra-azaindenes (II-58) 
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even under mild conditions. Thus, 4-hydrazino-6-methyl-
5-nitropyrimidine-2-one (II-56, R=Me), made by acidic 
hydrolysis of its 2-methoxy analogue (II-41, R=Me) with 
triethyl orthoformate or acetic formic anhydride gave 
6-methyl-7-nitro-l,2,3a,5-tetra-azaindene-4-one 
(II-58, R=Me, R'=H). The same compound was obtained 
by hydrolysis of the Q-methyl derivative (II-46), and 
also from the reaction of the 2-methoxypyrimidine 
(II-41, R=Me) with sodium iodide in formic acid. 
Similarly, the pyrimidine-2-one (II-56, R=Me) and 
triethyl orthoacetate yielded 3,6-dimethyl-7-nitro-
1,2,3a,5-tetra-azaindene-4-one (II-58, R=R'=Me). 
4-Hydrazino-2-methoxy-5-nitropyrimidine (II-41~ R=H) 
was converted into the 2-oxo analogue (II-56, R=H) in 
dilute hydrochloric acid. This pyrimidine, as its 
6-methyl derivative, gave 7-nitro-1,2,3a,5-tetra-
azaindene-4-one (II-58, R=R'=H) with triethyl orthoformate 
or acetic formic anhydride; the same compound was made 
also by treating 2-chloro-4-2'-formylhydrazino-5-
nitropyrimidine (II-57, R'=H) with sodium acetate in 
acetic acid; attempts to replace the chloro substituent 
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by a hydroxy group under alkaline conditions resulted 1n 
highly coloured sticky compounds. 3-Methyl-7-nitro-
l,2,3a,5-tetra-azaindene-4-one (II-58, R=H, R'-Me) was 
formed as above either from the hydrazinopyrimidine 
(II-56, R=H) or 4-2'-acetylhydrazino-2-chloro-5-
nitropyrimidine (II-57, R'=Me; Polya and Shanks, 1964). 
All the 7-nitro compounds (II-58) were hydrogenated to 
the 7-amino analogues (II-59). 
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Further efforts to make the required penta-
azanaphthalene-7-ones, via hydrogenolysis of their 
7-benzyloxy analogues or by hydrolysis of their methylthio 
(or methylsulphonyl) analogues, failed during attempted 
cyclization of the intermediates, 2-benzyloxy-4-a-
ethoxyethylidenehydrazino-6-methyl-5-nitropyrimidine 
(II-60) and 4-ethoxymethylenehydrazino-2-methylthio-5-
nitropyrimidine (II-61). 
Although attempts to synthesize simple penta-
azanaphthalene-7-ones were unsuccessful, the isomeric 
penta-azanapthalene-5-ones were made with little 
difficulty. The readily available 4-chloro-5-nitro-
pyrimidine-6-one (II-62; Temple, McKee, and Montgomery, 
1965) and formylhydrazine gave 4-2'-formylhydrazino-5-
nitropyrimidine-6-one (II-63, R=H), which on catalytic 
hydrogenation over palladium-on-carbon gave the 5-amino 
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analogue (II-64, R=H); acid-catalysed cyclization and 
subsequent aerial oxidation gave 1,2,4,6,8-penta-
azanaphthalene-5-one (II-65, R=H). The compound was 
also made by tre_ating 5-chloro-1,2-dihydropenta-
azanaphthalene (II-43; Temple, McKee, and Montgomery, 
1963) with silver oxide in methanol containing a little 
water or by alkaline hydrolysis of the 5-methoxy 
compound (II-67, R=H) under very mild conditions. 
A similar route from the pyrimidine (II-62) and 
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ace ty 1 h y d r a z i n e gave 3 - me thy 1 - 1 , 2 , 4 , 6 , 8 - pen ta -
azanaphthalene-5-one (II-65, R=Me), but in this case the 
intermediate 1,2-dihydro compound (II-66, R=Me) was 
isolated, characterized, and subsequently dehydrogenated 
with manganese dioxide. The 5-oxo compound (II-65, 
R=Me) was made also by alkaline hydrolysis of its 
5-methoxy analogue (II-67, R=Me) as above. The same 
5-methoxy compound (II-67, R=Me) underwent other 
nucleophilic reactions easily: with sodium hydrogen 
sulphide, followed by methylation with methyl iodide to 
give 3-methyl-5-methylthiopenta-azanaphthalene (II-68, 
X=SMe), and with ammonia or an alkyl amine to give 
5-amino-3-methyl-1,2,4,6,8-penta-azanaphthalene (II-68, 
X=NH 2 ; Temple and Montgomery, 1963) or its 5-dimethyl-
amino or 5-diethylamino analogue (II-68, X=NMe 2 or NEt 2). 
3. The Novel Use of Silver Oxide in Transetherification 
of Alkoxy-1,2,4,6,8-Penta-azanaphthalenes and 
Related Compounds 
Transetherification, the replacement of one alkoxy 
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or aryloxy group by another, is represented by remarkably 
few examples. Most of these have involved enol ethers, 
aryl ethers activated towards nucleophilic displacement 
by a suitable substituent (e.g. nitro), or heteroaromatic 
ethers activated similarly by appropriate heteroatoms 
(e.o. -N=)(Meerwein, 1965; Tsuzuki and Motoki, 1957). 
As a rule, the reagent has been sodium alkoxide in the 
corresponding alcohol (Armarego, 1967; Yamanaka, 1959), 
but alcoholic solutions of acids or heavy-metal salts 
have been used occasionally (Meerwein, 1965) . 
While using silver oxide as an oxidizing reagent 
above, it was observed that it was also an excellent 
catalyst for transetherification of certain alkoxy-
1,2,4,6,8-penta-azanaphthalenes by boiling alcohols. 
This process was extended to certain alkoxypyrimidines 
and related heterocyclic ethers and proved useful even 
when sodium alkoxide was ineffective or destructive . 
Silver acetate also proved effective sometimes, but 
no reactions occurred in uncatalyzed alcohols . 
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A. Alkoxy-1,2,4,6,8-penta-azanaphthalenes 
5-Methoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
(II-69) was converted into its ethoxy or propoxy 
homologue (II-70, R=Et or Pr) in good yield by boiling 
with silver oxide in ethanol or propanol for 7-8 hr.; 
to obtain a comparable yield of the isopropoxy 
. 
homologue (II-70, R=Pr 1 ) required about 100 hr., 
probably due to steric interference with formation of a 
transition state; but the t-butoxy homologue was not 
formed at all, even on prolonged heating with silver 
oxide in t-butanol. The ethoxy compound (II-70, 
R=Et) reverted into the methoxy homologue (II-69) on 
treatment with silver oxide in methanol as above. 
The structures (II-70) were confirmed by the close 
1 similarity of their u.v. and H n.m.r . spectra (see 
Section 5) to those of the starting material (II-69); 
the possibility of rearranged products, ~-alkylpenta-
azanaphthalene-5-ones, was excluded by the absence of 
carbonyl absorptions in their i .r. spectra . The rapid 
58 
transformation of 5-ethoxy-5,6-dihydro-3-methylpenta-
azanaphthalene (II-72) during oxidation by silver oxide 
in methanol, into the 5-methoxy compound (II-69)(see 
Section 1) probably proceeded via 5-ethoxy-3-methylpenta-
azanaphthalene (II-70, R=Et) by a transetherification 
mechanism. 
When the methoxy compound (II-69) was submitted 
to classical transetherification conditions (sodium 
ethoxide in ethanol) only 3-methylpenta-azanaphthalene-
5-one (II-71) could be isolated. 
5-Methoxy-3,7-dimethylpenta-azanaphthalene (II-73) 
gave its 5-ethoxy homologue (II-74) by transetherific-
ation using silver oxide in ethanol as above. 
5,7-Dimethoxy-1,2,4,6,8-penta-azanaphthalene 
(II-75) was transformed also by silver oxide in an 
appropriate alcohol to the homologues (II-76, R=Et, Pr, 
or Pr 1 ); as before, the di-isopropoxy compound 
(II-76, R=Pr 1 ) was formed much more slowly than its 
di-n-propoxy isomer (II-76, R=Pr). The diethoxy 
compound (II-76, R=Et) reverted into its dimethoxy 
precursor (II-75) on treatment with silver oxide 1n 
methanol. In addition to spectral confirmation of 
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the structures (II-76), the dipropoxy compound (II-76, 
R=Pr) and its dimethoxy homologue (II-52) were hydrolysed 
to the known penta-azanaphthalene-5,7-dione (II-78). 
Further, the diethoxypenta-azanaphthalene (II-76, R=Et) 
was synthesised independently from 4-ethoxymethylene-
hydrazino-2-methoxy-5-nitropyrimidine (II-80) as for 
the dimethoxy homologue, but using ethanol in the 
reductive cyclization and subsequent oxidation steps; 
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trans-etherification of the 7-methoxy to a 7-ethoxy group 
was involved in this synthesis. The last change was 
avoided by using mercuric oxide instead of silver oxide 
for the oxidative step: the product was then 5-ethoxy-
7-methoxypenta-azanaphthalene (II-81). 
When the dimethoxypenta-azanaphthalene (II-75) was 
submitted to classical transetherification conditions, 
only degraded products were obtained: the dimethoxy 
compound with hydrogen chloride in ethanol gave penta-
azanaphthalene-5,7-dione (II-78); when the same substrate 
(II-75) was treated with sodium ethoxide in ethanol, or 
the diethoxy compound (II-76, R=Et) underwent mild 
alkaline hydrolysis, 7-ethoxypenta-azanaphthalene-5-one 
(II-77) was isolated. The structure (II-77) was 
assured because (~) acidic hydrolysis gave the 5,7-dioxo 
compound (II-78) and (~) both the u.v. spectrum and the 
T-value for the 3-H corresponded closely with those for 
7-methoxypenta-azanaphthalene-5-one, prepared in a 
similar way to that for the 7-ethoxypenta-azanaphthalene-
5-one (II-77) by alkaline partial hydrolysis of the 
dimethoxy compound (II-75) and confirmed in structure 
by an unambiguous synthesis as reported in the previous 
section. 
5,7-Dimethoxy-3-met hylpenta-azanaphthalene (II-82) 
gave its diethoxy homologue (II-83) on treatment with 
silver oxide in ethanol. 
B. Alkoxypyrimidines 
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Although 2-methoxypyrimidine and 2,4-dimethoxy-6-
methylpyrimidine resisted transetherification, the more 
activated 2-methoxy-5-nitropyrimidine (Brown and Foster, 
1966) and its 4-methoxy isomer (Biffin, Brown, and Lee, 
1967b) were converted easily into their propoxy 
homologues by silver oxide in boiling propanol. 
2,4-Dimethoxy-5-nitropyrimidine (II-84, R=H) likewise 
gave its dipropoxy homologue (II-85), but 2,4-dimethoxy-
6-methyl-5-nitropyrimidine (II-84, R=Me) underwent only 
mono-transetherification to give a product shown below 
to be 4-methoxy-6-methyl-5-nitro-2-propoxypyrimidine 
(II-86), and both 4,6-dimethoxy-5-nitropyrimidine and 
4-methoxy-2,6-dimethyl-5-nitropyrimidine were 
unaffected; moreover, 4-chloro-6-methoxy-5-nitro-
pyrimidine (Taylor, Barton, and Paudler, 1961), in 
which the methoxy group was activated by the chloro 
substituent rather than being slightly deactivated by 
methyl groups as above, suffered no transetherification, 
but only a nucleophilic displacement of the chlorine to 
give 4-ethoxy-6- methoxy-5-nitropyrimidine . 
Meo 
02N 
MeO 
N, 
'N 
(II-82) 
R 
~N 
N~OMe 
(II-84) 
i (R=Me) 
Me 
~N 
NrlOPr 
(II-86) 
( R= H) 
6 3 
OEt 
" N 
N~OEt 
(II-83) 
(II-85) 
Me 
o2N 
"' N 
1 
N~OPr H2NHN 
(II-87) 
Me 
02N 
I 
H 
(II-88) 
64 
The structure (II-86) was assured as follows: 
monohydrazinolysis of the ether (II-86) gave a hydrazino-
2-propoxypyrimidine (II-87); gentle acidic hydrolysis of 
(II-87) gave 4-hydrazino-6-methyl-5-nitropyrimidine-
2-one (II-88), of which the structure was confirmed in 
Section 2. 
C. Other Ethers 
4-Methoxypteridine (Albert, Brown, and Cheeseman, 
1952b) was converted easily into its 4-propoxy homologue 
by silver oxide in boiling propanol; similar treatment 
of 2- and 6-methoxypteridine gave unidentified products. 
Although 2- and 4-methoxy-5-nitropyridine proved 
resistant to transetherification, the more activated 
ether, 2-methoxy-3,5-dinitropyridine (Barycki and 
Plazek, 1963) gave its propoxy homologue ,n good yield 
by transetherification with silver oxide in propanol. 
Similarly, 2,4- and 2,6-dinitroanisole resisted 
transetherification, but 2,4,6-trinitroanisole is known 
(Brady and Horton, 1925) to change partly into the 
corresponding phenetole even during recrystallization 
from ethanol . 
II 
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4. Syntheses of 5,7-Disubstituted 1,2,4,6,8-Penta-aza-
naphthalenes from 7-Chloro-1,2-dihydropenta-azanaph-
thalene and its 3-Methyl Derivative via 5,6-Adducts 
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5-Chloro-1,2·-dihydro-1,2,4,6,8-penta-azanaphthalene 
has proved to be a useful intermediate for introducing a 
variety of substituents, such as amino, thio (Temple, 
Kussner, and Montgomery, 1969a,b), methoxy, or oxo 
group (see Chapter II, Section 1,2), into the 5-position 
of the molecule. In contrast, it was found in the 
present work that the isomeric 7-chloro-1,2-dihydro-
1,2,4,6,8-penta-azanaphthalene and aqueous sodium 
hydroxide gave not penta-azanaphthalene-7-one, but the 
corresponding 5,7-dione. This convenient new reaction 
was extended using other nucleophiles to prepare a 
number of 5,7-disubstituted penta-azanaphthalenes, 
otherwise difficult of access. 
Catalytic hydrogenation of 2,4-dichloro-5-
nitropyrimidine (II-98; Brown, 1952) and subsequent 
hydrazinolysis gave 5-amino-2-chloro-4-hydrazino-
pyrimidine (II-90). This was treated with triethyl 
orthoformate in the presence of a catalytic amount of 
hydrochloric acid to give the required starting material, 
02N(:N I (2 steps) I ,... 
Cl N~ Cl 
(II-89) 
H ..... Ti 
(II-91) 
Me 
(II-94) 
(II-90) 
~N 
N~Cl 
i (Il-92) 
NHCHO 
(II-93) 
Me 
NHCHO 
(II-95) 
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7-chloro-l,2-dihydro-1,2,4,6,8-penta-azanaphthalene 
(II-92, R=H). The pyrimidine (II-90), triethyl 
orthoacetate, and a little hydrochloric acid similarly 
gave 7-chloro-l,2-dihydro-3-methyl-1,2,4,6,8-penta-
azanaphthalene (II-92, R=Me); and the 5-methyl isomer 
(II-94) was made likewise using 2,4-dichloro-6-methyl-
5-nitropyrimidine (Albert, Brown, and Wood, 1954) as 
the point of departure. An alternative approach to 
the 7-chloro-1,2-dihydropenta-azanaphthalenes (II-92, 
R=H or Me) by reductive cyclization of the readily 
available 4-2'-acylhydrazino-2-chloro-5-nitro-
pyrimidines (II-91, R=H or Me) proved unsuccessful. 
The 7-chloro-1,2-dihydropenta-azanaphthalene 
(II-92, R=H) and its 5-methyl derivative (II-94) 
underwent general ring contraction (see Chapter I, 
Section 2-B) on heating with formic acid to give 
9-formamidopurine-2-one (II-93) and its 6-methyl 
derivative (II-95), respectively; treatment with dilute 
hydrochloric acid gave unidentified products in each 
case. 
When the 7-chloro-1,2-dihydro compound (II-92, 
R=H) was treated with dilute aqueous sodium hydroxide 
under moderate conditions, 1,2,4,6,8-penta-
azanaphthalene-5,7-dione (II-96; Temple, Kussner, and 
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Montgomery, 1968, 1969a) was formed, probably by the 
following sequence: the starting material with sodium 
hydroxide gave its 7-oxo analogue, which was oxidized 
by air to the aromatic penta-azanaphthalene-7-one; 
hydration across the 5,6-bond and subsequent aerial 
oxidation gave the 5,7-dioxo compound (II-96). The 
last aerial oxidation of the covalent hydrate has no 
precedent in the pteridine series, although many 
covalent hydrates have been oxidized to the correspond-
ing (aromatic) oxo derivatives by oxidizing agents 
other than air (Albert, Brown, and Cheeseman, 1952a; 
Brown and Mason, 1956; Albert, Lister, and Pedersen, 
1956; Jacobsen, 1966). The same substrate (II-92, 
R=H), on treatment with silver oxide in anhydrous 
methanol, gave 5,7-dimethoxypenta-azanaphthalene 
(II-99); but on using sodium methoxide in methanol, 
the starting material decomposed quickly. 
7-Chloro-1,2-dihydropenta-azanaphthalene (II-92, 
R=H) and methanolic ammonia gave a mixture of 
5,7-diaminopenta-azanaphthalene (II-97) and 
5-aminopenta-azanaphthalene-7-one (II-98) . The 
structure of the first product was confirmed by an 
unambiguous synthesis from the 5,7-dimethoxy compound 
(II-99) and ammonia; that of the second product was 
68 
0 p}, N'H 
N~ I 
NJO -....:: N 
I 
H 
(II-96) 
t 
N (' 
N I 
H" 'N 
t 
H 
~N 
J -~ 
N~Cl 
7-Chloro-1,2-dihydro-
penta-azanaphthalene 
0 
f'N N...,H 
~ ..... N, 
N~ NH 'N 2 
(II-101) 
f'N 
N~NH 
N, 
"N 2 
(II-97) 
~l 
~ 
OMe ~ 
fN~N 
N ~ N )l N.,.J OMe 
(II-99) 
0 
f'N N"H 
. .... 
N, 
N~OMe 'N 
(II-102) 
69 
~H2 f N'-. ~ N ~ I 
N.10 
N~ 
"'N 
' H 
(II-98) 
(II-100) 
SMe 
f'N 
I 
"" N 
N~OMe 
N, 
'N . 
(II-103) 
assured by analysis and by its spectra (see below). 
The acidic strength of the 7-oxo compound (II-98; 
pK 8.8) was weaker than that of the isomeric 
-a 
7-aminopenta-azanaphthalene-5-one (II-101; pK 6 . 7), 
. -a 
prepared by aminolysis of the known 7-methoxypenta-
azanaphthalene-5-one (II-102). This was parallel to 
the analogous pteridines: 4-aminopteridine-2-one 
(pK 10.0) was a weaker acid than its isomer, 2-amino-
-a 
pteridine-4-one (pK 8.0; Albert, Brown, and Cheeseman, 
-a 
1952b). Moreover, the u.v. spectrum (see Table I) 
of the anionic species of the 7-oxo compound (II-98) 
was closely similar to those of its isomer (II-101; 
anionic species) and 5,7-diaminopenta-azanaphthalene 
(II-97; neutral molecule). 
When the 5,7-dimethoxy compound (II-97) was 
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treated with methanolic ammonia under milder conditions 
than those used above, 5-amino-7-methoxy-1,2,4,6,8-
penta-azanaphthalene (II-100) was formed in good yield; 
the structure was assured by a synthesis from 7-methoxy-
5-methylthiopenta-azanaphthalene (II-103) and ammonia . 
In a similar way, the 5,7-dimethoxy compound (II-99) 
and alcoholic dimethylamine gave the dimethylamino 
analogue of (II-100). Attempts to make the above 
5-aminopenta-azanaphthalene-7-one (II-98) from its 
7-methoxy analogue (II-100) proved unsuccessful: 
alkaline hydrolysis of (II-100) under gentle conditions 
yielded exclusively 7-methoxypenta-azanaphthalene-5-one 
(II-102), and acidic hydrolysis gave only the 
5,7-dioxo compound (II-96). 
Treatment of the chlorodihydro compound (II-104, 
R=H) with butylamine without any other solvent gave a 
mixture of 7-butylamino-1,2,4,6,8-penta-azanaphthalene-
5-one (II-106, R=H) and a little 5,7-bisbutylamino-
1,2,4,6,8-penta-azanaphthalene (II-107, R=H). Both 
the structures (II-106, 107, R=H) were confirmed, as 
their amino analogues (II-101, 97), by butylaminolysis 
of the corresponding methoxy compounds (II-99, 102) . 
The bisbutylamino compound (II-107, R=H) was converted 
into the 5-oxo compound (II-106, R=H) using aqueous 
sodium hydroxide; but the same substrate suffered no 
hydrolysis on treatment with butylamine under conditions 
similar to those used for butylaminolysis of the 
chlorodihydro compound above, thus indicating that the 
5-oxo compound was probably formed from the intermediate 
(II-105, R=H) by covalent hydration and subsequent 
aerial oxidation . It seems probable that an analogous 
nucleophilic addition of butylamine to the same 
intermediate (II-105, R=H), followed by spontaneous 
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aerial oxidation of the adduct, gave the bisbutylamino 
derivative (II-107, R=H). Direct aminations (the 
replacement of a hydrogen by an amino group) have been 
recorded in certain carbocyclic (Moller, 1957) and 
heterocyclic series (Leffler, 1947; Moller, 1957; 
Tomcufcik and Starker, 1962; Albert, 1955), using 
alkali amides, hydroxylamine, or arylsulphonyl-azides 
as reagents. However, such direct amination by simple 
amines has not been recorded previously. 
When the above reaction was carried out in 
methanol, the same products (II-106, 107, R=H) were 
formed. Similarly, with alcoholic dimethylamine, the 
7-chloro-1,2-dihydro compound (II-104, R=H) gave 
7-dimethylaminopenta-azanaphthalene-5-one. 
7-Chloro-1,2-dihydro-3-methylpenta-azanaphthalene 
(II-104, R=Me) with butylamine in methanol yielded a 
mixture of 7-butylamino-3-methyl-1,2,4,6,8-penta-
azanaphthalene-5-one (II-106, R=Me) and 5,7-bisbutyl-
amino-3-methyl-1,2,4,6,8-penta-azanaphthalene (II-107, 
R=Me); with alcoholic methylamine, the methylamino 
homologue of the above product (II-106, R=Me) 
was obtained. In contrast, 7-chloro-1,2-dihydro-5-
methylpenta-azanaphthalene (II-94) decomposed rapidly 
on treatment with alcoholic amines or aqueous sodium 
hydroxide under conditions similar to those used above . 
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5 . Ionization and Spectra 
In the previous sections, it has been shown that 
1,2,4,6,8-penta-azanaphthalenes are significantly more 
active towards nucleophilic attack or covalent addition 
than are pteridines, mainly on account of additional 
electron-withdrawal by the fifth doubly bound nitrogen 
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atom. Apart from their use in structural confirmations, 
the constants in Tables I and II indicate that the above 
chemical properties of penta-azanaphthalenes are also 
evident in their physical properties, especially in the 
acidic and/or basic strengths. 
The acidity of 1,2,4,6,8-penta-azanaphthalene-5-one 
(pfa 6.6) was slightly decreased in its 3-methyl 
derivative (pfa 7.0), but both were stronger by >l unit 
than their respective 7-deaza-analogues, pteridine-4-one 
(Albert, Brown, and Cheeseman, 1951: pK 7.9) and its 
-a 
6-methyl derivative (Albert, Brown, and Cheeseman, 
1952b: pK 8.2), again on account of the additional 
-a 
electron-withdrawing nitrogen atom. Approximately the 
same degree of acid-strengthening by the fifth nitrogen 
atom was observed in the acidities of 7-aminopenta-
azanaphthalene-5-one (pK 6.7) and the isomeric 
-a 
5-aminopenta-azanaphthalene-7-one (pK 8.8) vis a vis the 
-a 
pteridines, 2-aminopteridine-4-one and 4-aminopteridine-
2-one, which have pfa 8 . 0 and 10.0 respectively 
(Albert, Brown, and Cheeseman, 1952b) . Likewise, both 
penta-azanaphthalene-5,7-dione (pfa 6.25) and 
7-butylaminopenta-azanaphthalene-5-one (pfa 6.6) were 
stronger acids than the corresponding (or closest 
available) pteridine analogues, pteridine-2,4-dione 
(Albert, Brown, and Cheeseman, 1951: pfa 7.9) and 
2-methylaminopteridine-4-one (Brown and Jacobsen, 1961: 
pK 8.2). 
-a 
For the same reason, 5-amino- and 5-dimethylamino-
3-methylpenta-azanaphthalenes were weaker bases (pfa 
2.0 and 2.9 respectively) than their closest available 
7-deaza-analogues, 4-aminopteridine (Albert, Brown, and 
Cheeseman, 1951: pK 3.6) and 4-dimethylaminopteridine 
-a 
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(Albert, Brown, and Cheeseman, 1952b: pK 4.3). It was 
-a 
also true for 5,7-diaminopenta-azanaphthalene (pK 3.8) 
-a 
and 7-aminopenta-azanaphthalene-5-one (basic pK 1 . 0), 
-a 
both weaker bases than 2,4-diaminopteridine (Albert, 
Brown, and Cheeseman, 1952b: pK 5.3) and 2-amino-
-a 
pteridine-4-one (Albert, Brown, and Cheeseman, 1952b: 
basic pfa 2.3), respectively. 
The acid weakening effect of a f-methyl group was 
also clear on comparing the strength of 7-nitrotetra-
azaindene-4-one (pK 4.1); its 3- and 6-methyl 
-a 
derivatives (pfa 4 ~2 and 4 . 8 respectively), 1n which a 
methyl group in the same ring as the acidic centre had 
more effect than one in the five membered ring; and the 
3,6-dimethyl derivative (pK 5.04) . 
-a 
The ultraviolet spectra of the parent penta-
azanaphthalene and its f-methyl derivatives in 
cyclohexane resembled that of pteridine in general shape 
(Fig.1): the most intense peak at <220 mµ, a doubly 
shouldered peak at 300-325 mµ, and a broad peak of low 
intensity at ca 500 mµ . This last band accounts for 
the characteristic red colour of the compounds and 
represents an unusually prominent n + n*transition of 
the type just visible in pteridine (387 mµ : Albert, 
1968) and better defined in 1,4,5,8-tetra-azanaphthalene 
(402 mµ), 3,4-benzocinnoline (404 mµ), and 1,2,4-
triazanaphthalene (458 mµ)(Mason, 1962) . Spectra 
derived from cyclohexane solutions of the alkoxy- and 
methylthio-penta-azanaphthalenes also showed a peak at 
ca 500 mµ; but in alcoholic solutions, this band was 
shifted to a shorter wavelength (ca 470 mµ), indicating 
that this band arose from the above mentioned n + n* 
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transition. Most of the 1,2-dihydropenta-azanaphthalenes 
exhibited spectra with the most intense peak at ca 220 mµ , 
and two equal peaks at ca 270 mµ and 330 mµ; in those with 
a 5-methyl group, the longest wavelength band underwent a 
marked hypsochromic shift to ca 305 mµ. The 5,6-methanol 
adducts each showed a spectrum with four peaks of 
approximately same intensity at 230, 270, 320, and 390 mµ . 
The number of methylated and methoxylated derivatives 
available permitted unequivocal assignment of the peaks 
in 1H n.m.r. spectra of penta-azanaphthalenes. In the 
fully aromatic penta-azanaphthalenes, each off-proton~ 
(or methyl groups) was at slightly lower field than the 
corresponding one of pteridine and its f-methyl 
derivatives (Matsuura and Goto, 1963) and the order* of 
T-values was C-3 < C-5 < C-7. Hydrogenation of the 
1,2-double bond in the penta-azanaphthalene resulted in 
an appreciable general upfield shift, which was especially 
marked for 3-H or 3-Me and the order of T-values was 
altered to C-7 < C-5 < C-3. Adduct formation across 
the 5,6-bond also caused a general upfield shift, 
especially great for 5-H. 
* Electron density calculation by Wait and Wesley (1966) 
led to a different sequence, C-7 < C-5 < C-3. 
' 
The 1H n . m.r. spectrum of 5-dimethylamino-3-
methylpenta-azanaphthalene as cation in trifluoroacetic 
acid showed two well separated and sharp H3-singlets 
representing the NMe 2 group . These probably arose 
(cf. Katritzky and Waring, 1963; Becker, Miles, and 
Bradley, 1965) from a high degree of bond fixation in 
contributing forms such as (II-108), and was visible 
even in the spectrum of the neutral molecule where 
incomplete time-averaging of signals from the two 
~-methyl groups led already to a pair of singlets. 
Similarly, in the diethylamino homologue, the neutral 
molecule showed a broad H4-peak representing both 
methylene groups while the cation showed two clear 
H2-quartets for these groups plus two H3-triplets for 
the S-methyl groups. The neutral molecule of 
5-dimethylamino-7-methoxypenta-azanaphthalene showed 
an unseparated broad peak for the NMe 2 group, while 
this was replaced by a pair of sharp singlets on 
cation formation in trifluoroacetic acid. Similar 
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phenomena were also observed with 4-dimethylaminopteridine . 
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TABLE I 
ULTRAVIOLET SPECTRA AND IONIZATION CONSTANTS 
a b Compounds and pK - Solvent -
-a 
A a £ (log s ) m x . 
1 , 2 - Dihydro-1 , 2 , 4,6 ,8- penta-azanaph t ha l e n es 
Unsubstituted 
3-Methyl-
5-Methyl-
7-Methyl-
3,7-Dimethyl-
3,5,7-Trimethyl-
7-Chloro-
7-Chloro-3-methyl-
7-Chloro-5-methyl-
E 
E 
E 
E 
E 
M 
M 
M 
M 
216(4.31), 238(3.68), 
272(3.31), 334(3.72) 
217(4.18), 235(3 . 60), 
268(3.25), 334(3 . 65) 
220(3.95), 279(3.82), 
309(3.76) 
218(4.17), 240(3 . 53), 
272(3 . 30), 330(3 061) 
218(4.20), 240(3 . 55), 
265(3 . 21), 337(3.65) 
222(3.81), 283(4 . 09), 
305(4.01) 
220(4 . 29), 345(3.71) 
220(4.29), 346(3 . 70) 
222(4.20), 273(3.54), 
328(3 . 68) 
1 , 2,4,6,8-Penta-azanaphthalenes (simple aromatic) 
Unsubstituted d 
3-Methyl-
5-Methyl- d 
C 
C 
C 
220, 297, 308, 318, 465 
211(4 . 24), 301(3 . 60), 
308(3.70), 313(3 . 77), 
320(3 . 71), 325(3 . 66 ) , 
360(2 . 54), 530(2 . 01) 
215, 248, 299, 309, 
317, 360, 525 
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d 7-Methyl- - C 272, 302, 313, 321, 
326, 360, 470 
3,5-Dimethyl- d C 250, 305, 312, 317 , -
324, 330, 3 60, 530 
3,7-Dimethyl- C 214(4.35), 235(3.75), 
309(3.65), 316(3.75), 
321(3.80), 329(3.76), 
335(3.71), 365(2.72), 
530(2.14) 
5,7-Dimethyl- s!. C 305, 316, 324, 365, 505 
3,5,7-Trimethyl- C 218(4.33), 320(3.75), 
325(3.77), 332(3.75), 
370(2.53), 525(2.14) 
5,6-Dihydro-5-methoxy-1,2,4,6,8-penta-azanaphthalenes 
Unsubstituted 
7-Methyl-
3, 7-Di methyl -
M 
M 
M 
229(3.60), 273(3.89), 
316(3.66), 386(2.63) 
234(3.66), 271(3.90), 
320(3.61), 380(2.64) 
234(3.69), 270(3.97), 
325(3.60), 390(2.64) 
5-Alkoxy-1,2,4,6,8-penta-azanaphthalenes 
5-Methoxy-
5-Ethoxy-
C 227(4.10), 255(3.35), 
316(3.68), 325(3.66), 
340(3.39), 490(2.39) 
M 227(4.35), 254(3.38), 
323(3.77), 475(2 . 23) 
C 226(4.28), 254(3.19), 
313(3 . 73), 323(3.72), 
340(3.30), 492(2.55) 
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5-Methoxy-3-methyl- C 227(4.30), 259(3.39), 
316(3.69), 322(3.70), 
327(3.71), 336(3.49), 
342(3.35), 493(2.46) 
E 229(4.25), 253(3 . 51), 
330(3.76), 386(2.40), 
475(2 . 40) 
5-Ethoxy-3-methyl- C 229(4.38), 254(3 . 65), 
319(3 .80), 324(3 . 80), 
332(3.82), 338(3.68), 
347(3 . 62), 495(2.42) 
3-Methyl-5-propoxy- C 229(4.39), 257(3 . 65), 
320(3 . 83), 324(3.83), 
332(3.85), 338(3 . 71), 
348(3.64), 495(2.56) 
5-Isopropoxy-3-methyl- C 231(4.35), 255(3.61), 
321(3.79), 326(3.78), 
334(3.82), 341(3.64), 
349(3 . 61), 488(2 . 48) 
5-Methoxy-7-methyl- E 228(4 . 25), 252(3.58), 
328(3.69), 460(2.56) 
5-Methoxy-3,7-dimethyl- E 230(4 . 24), 254(3 . 91), 
337(3.70), 385(3.21), 
460(2.25) 
C 229(4.35), 255(3.43), 
323(3 . 69), 327(3 . 71), 
334(3.72), 347(3.52), 
495(2.41) 
5-Ethoxy-3,7-dimethyl- C 229(4.38), 255(3.37), 
324(3 . 70), 333(3 . 73), 
348(3.55), 494(2 . 59) 
7-Methoxy-1,2,4,6,B-penta-azanap hthalenes 
Unsubstituted C 212(4.41), 240(3.70), 
327(3 . 65), 332(3.66), 
339(3 . 76), 348(3 . 60), 
354(3.67), 502(2.33) 
3-Methyl- C 213(4 . 46), 237(3.98), 
270(2 .81), 333(3.69), 
340(3 . 77), 345(3.83), 
354(3 . 65), 359(3 . 76), 
500(2.36) 
5-Methyl- C 219(4 . 40), 245(3.77), 
329(3 . 71), 337(3.76), 
344(3 .84), 353(3.69), 
361(3. 74), 514(2 . 27) 
3,5-Dimethyl- C 219(4 . 44), 245(3.87), 
336(3 . 72), 344(3 077)' 
350(3 . 86), 360(3. 72), 
368(3 . 79), 518(2.18) 
5,?-Dialkoxy-1,2,4,6,8-penta-azanaphthalenes 
5,7-Dimethoxy- C 
5,7-Diethoxy- C 
5,7-Dipropoxy- C 
230(4.36), 250(3 . 63), 
270(3 . 11), 328(3.69), 
334(3 . 73), 339.5(3 . 79), 
349(3.62), 356(3.63), 
486(2 . 61) 
233(4.42), 248(3 . 85), 
255(3 .82), 275(3.23), 
332(3 . 73), 339(3 . 77), 
347(3.82), 353(3.69), 
363(3.64), 484(2.42) 
233.5(4.46), 248(3 . 92), 
255(3.89), 21m. 38), 
333(3 . 77), 338(3 . 80), 
348(3.85), 357(3 . 71), 
365(3.69), 484(2 . 53) 
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5,7-Di-isopropoxy- C 235 . 5(4.42), 238(4.41), 
254(3.81), 275[3 . 21), 
335(3 . 76), 342(3 . 77), 
349(3 . 83), 358(3 . 67), 
368(3 . 64), 480(2.54) 
5-Ethoxy-7-methoxy- _ C 233(4.30), 250(3.55), 
272(2.81), 329(3.62), 
338(3.66), 342(3.73), 
350(3.60), 358(3.55), 
484(2.60) 
5,7-Dimethoxy-3-methyl- C 231(4.38), 251(3.79), 
268(2.52), 334(3.66), 
341(3.69), 344(3.75), 
354(3.63), 362(3.66), 
486(2.41) 
5,7-Diethoxy-3-methyl- C 233(4.40), 251(3 . 77), 
271(3.11), 336(3.67), 
343(3.71), 347(3. 78), 
358(3.62), 365(3.70), 
487(2.66) 
1~2~4~6~8-Penta-azanaphthalene-5-ones 
Unsubstituted 4.0 233(3.92), 264(3.71), 
6.59 ± 0.04 (330) 330(3.75) 
9.0 212(4.00), 247(4.16), 
2 80 ( 3 . 7 4) , 367(3.69) 
3-Methyl- 4.0 236(3.98), 264(3. 74), 
7.00 ± 0.04 ( 3 3 7) 275(3.57), 336(3.76), 
350(3.64) 
9.0 213(3.97), 250(4.22), 
275(3 . 68), 370(3.68) 
7-Methoxy- 3.0 234(4.10), 260(3 .80), 
5.93 ± 0.06 (380) 336(3.69) 
9.0 249(4.19), 295(2.99), 
365(3.58) 
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7-Ethoxy- 3.0 237(4.11), 260(3 . 90), 
5.86 ± 0.06 (380) 341(3 .69) 
9.0 252(4 .24), 295(3 . 19), 
365(3.63) 
7-Amino- -2.0 225(4 . 10), 280(3.58), 
0.95 + 0.06 (263) 289(3. 71), 305(3.50), 
6.67 ± 0.05 (285) 325(3.40) 
4.0 257(4.10), 263(4.09), 
378(3 . 50) 
10.0 261(4.34), 310(3 . 32), 
387(3.67) 
7-Butylamino- -1.8 236(4.15), 277(3 . 88), 
0.85 + 0.06 (270) 328(2.87) 
6.63 ± 0.06 (270) 
4.0 270(4.33), 387(3 . 54) 
10.0 270(4.40), 325(3 . 43), 
395(3 . 64) 
7-Dimethylamino- M 280(4.36), 404(3.55) 
7-Butylamino-3-methyl- M 275(4.31), 409(3.56) 
3-Methyl-7-methylamino- M 271(4.31), 395(3.55) 
5-Amino-1,2,4,6,8- penta-azanaph thaZenes 
5-Amino-3-methyl- 0. 0 ~ 220(3.98), 244(3.88), 
1.99 ± 0.03 (348) 275(3.47), 350(3.95), 
360(3 . 92) 
6.0 219(4.01), 253(4.13), 
280(3 . 35), 373(3 . 75) 
5-Dimethylamino- 0.0 227(4 .03), 265(3 . 68), 
3-methyl- 371(4.05) 
2.89 ± 0.02 ( 3 7 0) 
6 . 0 230(4 . 08), 264(3.86), 
300(3.31), 395(3 . 84) 
5-Diethylamino-3-methyl- M 238(4 12), 260(3 84), 
309(3 . 38), 403(3 . 65) 
5-Amino-7-methoxy- M 266(4.16), 375(3 . 73) 
272(3.95), 399(3 . 88) 5-Dimethylamino- M 
7-me tho xy-
5,7-Diamino-
3.83 ± 0.02 (264) 
5,7-Bisbutylamino-
5,7-Bisbutylamino-
3-methyl-
5-Amino-7-oxo-
8.80 ± 0 .0 5 (440) 
1.0 
8.0 
M • 
M 
4.0 
240(4.05), 325(2.86), 
339(3.90), 350(3.85) 
264(4 . 33), 316(3.42), 
398(3.71) 
280(4.31), 414(3.70) 
278(4.35), 420(3 . 69) 
238(3.90), 310(3.54), 
343(3.66) 
11.0 261(4.15), 315(3.16), 
401(3.51) 
Othe r 1~2~4~6~8-penta-azanaphthalenes 
3-Methyl-5-methylthio-
7-Methoxy-5-methylthio-
5,7-Dioxo-
6.25 ± 0.06 (265) 
12 . 05 ± 0 .06 (260) 
C 
C 
4.0 
9.0 
235(4 . 11), 260(3 . 83), 
268(3 . 78), 291(3.30), 
302(3.19), 360(3.76), 
376(3.88), 394(3.76), 
504(2.24) 
223(4.18), 255(3 . 81), 
259(3 083)' 263(3.81)' 
301(3 . 35), 312(3 . 48), 
358(3 . 83), 369(3 . 95), 
382(3 . 83), 388(3 . 85), 
494(2.49) 
231(4 . 17), 265(4 . 09), 
328(3 . 70), 346(3 . 62) 
250(4 . 13), 268(4 . 01), 
384(3 . 55) 
14.8 260(4 . 32), 315(3 . 41), 
393(3 . 67) 
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5-Nitropyrimidines 
2-Methoxy- f C 269(4.08) -
2-Propoxy- C 271(4.15) 
4-Methoxy- _g_ C 230(3.68), 270(3.10) 
4-Propoxy- C 230(3.85), 275(3.54) 
2,4-Dimethoxy- C 245(3.86), 250(3.85), 
278(3.85) 
2,4-Dipropoxy- C 246(3.86), 252(3.80), 
280(3.89) 
2,4-Dimethoxy-6-methyl- C 255(3.66) 
4-Methoxy-6-methyl- C 264(3.75) 
2-propoxy-
4-Hydrazino-2-methoxy- M 245(4.09), 256(4.10), 
349(3.80) 
4-Hydrazino-2-methoxy- M 223(4.12), 235(4.10), 
6-methyl- 240(4.11), 346(3.74) 
4-Hydrazino-6-methyl- M 222(4.15), 243(4.14), 
2-propoxy- 350(3.72) 
4,6-Dimethoxy- C 240(3.47) 
4-Ethoxy-6-methoxy- C 240(3.50) 
4-2'-Acetylhydrazino- M 236(3 . 95), 265(3.86), 
2-chloro- 320(3.83) 
2-Chloro-4-2'- M 222(4.08), 254(3.94), 
formylhydrazino- 330(3 . 79) 
4-2'-Acetylhydrazino- M 230(4.11), 285(3.63), 
6-oxo- 336(3 . 77) 
4-2'-Formylhydrazino- M 235(4 . 11), 285(3.67), 
6-oxo- 337(3.75) 
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1~2~3a~5-Tetra-azaindenes 
7-Amino-4,6-dimethyl- -1.0 280(3.99), 320.5(3.93) 
1.58 ± 0.02 (320) 
4.0 274(4.07) 
E 211(4.09), 278(4.11), 
290(4.07) 
4,6-Dimethyl-7-nitro- E 218(4.21), 265(3.52), 
324(3.50) 
7-Amino-4-methoxy- -1.0 255(3.92), 265(3.96), 
6-methyl- 275(3.86), 305(3.04) 
1.70 ± 0.03 (285) 
5.0 266(4.03), 290(3.92) 
4-Methoxy-6-methyl- M 272(3. 78), 318(3.74) 
7-nitro-
1~2~3a~5-Tetra-azaindene-4-ones 
7-Amino- M 263(3.98), 303(3.77) 
7-Amino-6-methyl- M 262(3 . 94), 304(3.86) 
7-Nitro- 1 . 0 227(3.94), 255(3.84), 
4. 11 ± 0.01 (354) 264(3.90), 273(3.81), 
319(3 . 93) 
8.0 229(3.96), 269(3.72), 
278(3.63), 359(4.19) 
3-Methyl-7-nitro- 2.0 237(3.98), 266(3 . 81), 
4.21 ± 0.04 (358) 275(3 . 75), 316(3 . 91) 
8.0 239(3.93), 272(3.72), 
280(3.66), 359(4 .15) 
6-Methyl-7-nitro- 2.0 225(3 . 93), 267(3 . 95), 
4.86 ± 0.02 (354) 275(3.91), 314(3.87) 
8.0 227(4.01), 270(3 . 80), 
278(3.82), 357(4.15) 
3,6-Dimethyl-7-nitro- 2.0 230(3.90), 270(3 . 90), 
5.04 ± 0.03 (354) 278(3 . 86), 315(3.85) 
8.0 236(3.96), 275(3.72), 
2 80 ( 3 . 7 2) , 357(4.13) 
90 
Ptey,idines 
4-Methoxy- h C 226(4 . 17), 262(3.46), -
301(3 . 84), 306(3 . 90), 
313(3 . 76), 319(3 . 74) 
4-Propoxy- C 227(4 .27), 253(2 . 43), 
285(2.81), 290(3 . 23), 
297(3.62), 303(3.71), 
308(3.83), 315(3.70), 
320(3 . 71) 
M 225(4.25), 262(3.46), 
303(3.90) 
3,5-Dinitropyridines 
2-Methoxy- C 233(3 . 88), 274(3 . 86), 
295(3 . 78) 
2-Propoxy- C 235(3.88), 278(3.99), 
300(3.86) 
Purines 
9-Amino-2,6-dimethyl- 1.0 267(3.75) 
3.85 ± 0.04 ( 2 6 5) 
7.0 246(3.68), 265(3 . 87) 
9-Formamido-2-oxo- 4.0 261(4 . 11) 
7.19 ± 0.04 (291) 
10.0 263(4.13), 279(4 . 12) 
9-Formamido-6-methyl- 4.0 253(3 . 95), 269(3 . 94), 
2-oxo- 275(3 . 93) 
7.46 ± 0.04 ( 2 9 1) 
10.0 259(4.04), 280(4.12) 
'I 
Footnotes to Table I 
a: At 20°; analytical A (mµ) in parentheses. 
b: C = cyclohexane; E =ethanol; M =methanol; 
numeral = pH of aqueous buffer. 
c: Inflections or shoulders underlined; 
data for peaks <220 mµ are inexact. 
d: Crude product from freshly oxidized solution 
of 1,2-dihydro derivative. 
e: Cf. values for impure species (Temple and 
Montgomery, 1963). 
f: Cf. values in water (Brown and Foster, 1966). 
g: Cf. values 1n ethanol (Biffin, Brown, and Lee, 
1967b). 
h: From Albert, Brown, and Cheeseman (1952b). 
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TABLE II 
PROTON MAGNETIC RESONANCE SPECTRA 
Compound Solvent~ T-Values b 
1,2-Dihydro-1,2,4,6,8-penta-azanaphthalenes 
Unsubstituted 
3-Methyl-
5-Methyl-
7-Methyl-
3,5-Dimethyl-
(hydrochloride) 
3,7-Dimethyl-
5,7-Dimethyl-
(formate) 
D 
D 
D 
D 
D 
D 
D 
3-H: 3.61 d~(J=3); 5-H: 3.08; 
d 7-H: 2.25; 1,2-H 2 : 1.9 br-, 
1.2 brQ. 
Me: 8.44; 5-H: 3.10; 
7-H: 2.27; 1,2-H 2 : 1.8 brQ., 
d 1.2 br-
Me: 8.20; 3-H: 3.82 d({=3); 
7-H: 2.50 
C Me: 7.99; 3-H: 3.74 d-
({=3); 5-H: 3.30; 1,2-H 2 : 
d d 2.1 br-, 1.4 br-
3-Me: 8.42; 5-Me: 8 . 10; 
7-H: 2.22 
3-Me: 8 . 46; 7-Me: 7 . 93; 
d 5-H: 3.10; 1,2-H 2 : 1 . 9 br - , 
1.2 brQ. 
5-Me: 8.21; 7-Me: 8.00; 
3-H: 3.78 
I 
7-Chloro- D 
7-Chloro-3-methyl- D 
7-Chloro-5-methyl- D 
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3-H: 3.68 d£(~=3); 5-H: 3.46; 
1,2-H 2 : 1.8 bri, 0 . 8 br5! 
Me: 8.54; 5-H: 3 . 48; 
1,2-H 2 : 1.7 br, 0.7 br 
Me: 8 . 25; 3-H: 3 . 70 d£({=3); 
d d 1,2-H 2 : 2.1 br-, 0.9 br-
1,2,4,6,8-Penta-azanaphthalenes (simple aromatic) 
3-Methyl- C 
3,7-Dimethyl- C 
(covalent hydrate) o2o 
3,5,7-Trimethyl- C 
Me: 6.68; 7-H: 0.25; 
5-H: 0.06 
7-Me: 6 . 90; 3-Me: 6 . 74; 
5-H: 0.20 
7-Me: 7.65; 3-Me: 7.14; 
5-H: 3.87 
7-Me: 7.01; 5-Me: 6.95; 
3-Me: 6.79 
5,6-Dihydro-5-al ko xy-1,2,4,6,8-pe nta -azanaphthalenes 
5-Methoxy- D 
5-Methoxy-3-methyl- D 
5-Ethoxy-3-methyl- D 
5-Methoxy-7-methyl- D 
MeO: 6 . 72; 5-H: 4 . 20; 
7-H: 2.15 br; 3-H: 0.44 
Me: 7.25; ~eO: 6.77; 
5-H: 4.25; 7-H: 2 .2 3 
EtO: 8 . 94 t({=7), 6.41 q({=7); 
Me: 7 . 25; 5-H: 4.20; 7-H: 2 . 25 
Me: 7.78; MeO: 6 . 78; 
5-H: 4 . 30; 3-H: 0.51 
5-Methoxy-3,7-
dimethyl- D 7-Me: 7.78; 3-Me: 7.26; 
MeO: 6.75; 5-H: 4.30 
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5-Alkoxy-1~2~4~6~8-penta-azanaphthalenes 
5-Methoxy-
5-Ethoxy-
C 
C 
5-Methoxy-3-methyl- C 
5-Ethoxy-3-methyl- C 
3-Methyl-5-
propoxy-
5-Isopropoxy-
3-methyl-
C 
C 
5-Methoxy-7-methyl- C 
5-Methoxy-3,7- C 
dimethyl-
5-Ethoxy-3,7- C 
dimethyl-
MeO: 5.64; 7-H: 0.86; 3-H: -0.18 
EtO: 8.38 t(i=7), 5.07 q(i=7); 
7-H: 0.68; 3-H: -0.37 
Me: 6.77; MeO: 5.68; 7-H: 0.92 
EtO: 8.43 t(i=7), 5.13 q(i=7); 
Me: 6.77: 7-H: 0.89 
PrO: 8.89 t(i=7), 8.6-7 .6 m, 
5.26 t(i=7); Me: 6.74; 7-H: 0.84 
P r 1 O : 8 • 4 5 d ( i= 6 ) , 4 • 2 9 s p ( i = 6 ) ; 
Me: 6.79; 7-H: 0.93 
Me: 7.10; MeO: 5.68; 3-H: -0.11 
7-Me: 7.14; 3-Me: 6.80; MeO: 5.69 
EtO: 8.42 t(i=7), 5.17 q(i=7); 
7-Me: 7.14; 3-Me: 6.79 
7-Alkoxy-1~2~4~6~8-penta-azanaphthalenes 
7-Methoxy- C 
7-Methoxy-3-methyl- C 
7-Methoxy-5-methyl- C 
7-Methoxy-3,5- C 
dimethyl-
MeO: 5.65; 5-H: 0.12; 3-H: -0.25 
Me: 6.79; MeO: 5.64; 5-H: 0.25 
Me: 6.90; MeO: 5.66; 3-H: -0.18 
5-Me: 6.94; 3-Me: 6.81; MeO: 5.71 
I 
5,7-Dimethoxy-
5,7-Diethoxy-
5,7-Dipropoxy-
5,7-Di-isopropoxy-
5-Ethoxy-7-
methoxy-
5,7-Dimethoxy-3-
methyl 
5,7-Diethoxy-3-
methyl-
Unsubstituted 
3-Methyl-
1,2-Dihydro-3-
methyl-
7-Methoxy-
7-Ethoxy-
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C 5,7-(Me0) 2 : 5 . 7 1 , 5.68; 3-H: -0 . 04 
C 
C 
C 
C 
C 
C 
5,7-(Et0) 2 : 8.43 t({=7), 8.35t 
({=7)' 5.23 q({=7), 5.15 q ( {= 7) ; 
3-H: -0.04 
5,7-(Pr0) 2 : 8.89 t({=7; H6), 
8.5-7.7 m(H 4), 5.32 t({=7), 
5.28 t({=7); 3-H: -0.06 
. 
5,7-(Pr 1 0) 2 : 8.48 d(~=6), 
8.45 d({=6), 4.6-3 . 8 m(H 2); 
3-H: -0 . 01 
EtO: 8.40 t({=7), 5.17 q({=7); 
MeO: 5.70; 3-H: -0.06 
Me: 6.81; 5,7-(Me0) 2 : 5.71, 5 . 66 
5,7-(Et0) 2 : 8.46 t({=7), 
8.42 t({=7), 5 . 24 q({=7), 
5 . 1 7 q ( {= 7 ) ; Me : 6 . 8 4 
D 7-H: 1.50; 3-H: -0 . 18 
D Me: 7.00; 7-H: 1 . 56 
T Me: 7.72; 7-H: 1 . 70 
D MeO: 5.86; 3-H: 0.00 
D EtO: 8.60 t({=7), 
5.39 q({=7); 3-H: 0.05 
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7-Dimethylamino- D NMe 2 : 6.8 br; 3-H: 0 . 28 
T NMe 2 : 6.42, 6.36; 3-H: 0.30 
5-Amino-1~2~4~6~8-penta-azanaphthalenes 
5-Amino-3-methyl-
5-Dimethylamino-
3-methyl-
D 
D 
Me: 6.92; 7-H: 1 . 24 
e 3-Me: 6 . 99; NMe 2 : 6.3 br, 6.70-; 
7-H: 1.25 
T 3-Me: 6.74; NMe 2 : 5.70, 6.12; 
7-H: 1.06 
5-Diethylamino- C NEt 2 : 8.63 t({=6), 5.9 
e br-; 
3-methyl-
5-Amino-7-
me tho xy-
5-Dimethylamino-
7-methoxy-
3-Me: 6.93; 7-H: 1.20 
D NEt 2 : 8 . 68 t({=7), 6.0 
e br-; 
3-Me: 6 . 9 3 ; 7-H: 1.20 
T NEt 2 : 8.49 t({=7), 8.37 t({=7), 
5.68 q({=7), 5.33 q({=7); 
D 
D 
3-Me: 6.73; 7-H: · 1.08 
MeO: 5.92; NH 2 : 1.0 br; 
3-H: -0.08 
e NMe 2 : 6.7 br-; OMe: 5 . 95; 
3-H: 0.02 
T NMe 2 , OMe: 6.10(H 3 ), 5.68(H 3), 
5.52(H 3 ); 3-H: -0.30 
f 
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5-Methylthio-1~ 2~4~6~8-penta-azanaphth a lene s 
3-Methyl-
7-Methoxy-
5-Nitropyrimidines 
2-Methoxy-
2-Propoxy-
4-Methoxy- f 
4-Propoxy-
2,4-Dimethoxy-
2,4-Dipropoxy-
C 
C 
C 
C 
C 
C 
C 
C 
2,4-Dimethoxy-6- C 
methyl -
4-Methoxy-6-methyl- C 
2-propoxy-
4,6-Dimethoxy-
4-Ethoxy-6-
methoxy-
C 
C 
4-Hydrazino-2- T 
methoxy-
4-Hydrazino-2- T 
methoxy-6-methyl-
MeS: 7.24; Me: 6 . 74; 7-H: 0.69 
MeS: 7.26; MeO: 5 . 68; 3-H: -0 . 01 
MeO: 5.80; 4,6-H 2 : 0.48 
PrO: 8.96 t(~=7), 8.6-7.7 m(H 2), 
5.50 t(~=7); 4,6-H 2 : 0.64 
MeO; 5.73; 2-H: 0.90; 6-H: 0.66 
PrO: 8.94 t(~=7), 8.6-7.7 m(H 2), 
5.43 t(~=7); 2-H: 1.04; 6-H: 0.82 
(Me0) 2 : 5.88, 5.80; 6-H: 0.74 
(Pr0) 2 : 8.94 t(~=7; H6 ), 
8.6-7.7 m(H 4 ), 5.53 t(~=7), 
5.43 t(~=7); 6-H: 0 . 85 
Me: 7.45; (Me0) 2 : 5.93, 5 . 89 
PrO: 8.99 t(~=7), 8.6-7.7 m, 
5.85 t(~=7); Me: 7 . 56; MeO: 5 . 94 
(Me0) 2 : 5.90; 2-H: 1 . 48 
EtO: 8 . 64 t(~=7), 5 . 46 q (~= 7) ; 
MeO: 5 . 93; 2-H : 1 . 50 
MeO: 5.49; 6-H: 0.62 
Me: 6.93; MeO: 5 . 52 
4-Hydrazino-6- T 
methyl-2-propoxy-
4-Ethoxymethylene- D 
hydrazino-2-
methoxy-
4-a-Ethoxyethylidene D 
-hydrazino-2-
methoxy-
4-Ethoxymethylene- D 
hydrazino-2-
methoxy-6-methyl-
4-a-Ethoxyethylidene D 
-hydrazino-2-
methoxy-6-methyl-
4-2'-Acetylhydrazino D 
-2-chloro-
1,2,3a,5-Tetra-azaindenes 
7-Amino-4,6-
dimethyl-
4,6-Dimethyl-
7-nitro-
7-Amino-4-methoxy-
6-methyl-
4- Meth o xy - 6 -
methyl-7-nitro-
D 
D 
D 
T 
PrO: 8 . 90 t(i=7), 8.4-7 . 7 m, 
5.17 t(J=7); Me: 6 . 95 
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EtO: 8.66 t(i=7), 5 . 65 q (i=7); 
MeO: 6.01; y-CH: 2.60; 6-H: 0 . 85 
EtO: 8.66 t(i=7), 5.66 q(i=7); 
o-Me: 7.80; MeO: 6.00; 6-H: 0.83 
EtO: 8.68 t(i=7), 5.66 q(i=7); 
6-Me: 7.40; MeO: 6 . 05; y-CH: 2 . 52 
EtO: 8 . 66 t(i=7), 5 . 69 q(i=7); 
cS-Me: 7.80; MeO: 6.03 
Me: 7.49; 6-H: 0 . 98 
4,6-(Me) 2 : 7.62, 7.26; 
NH 2 : 4.5 br; 3-H: 1 . 51 
4,6-(Me) 2 : 7.26, 7.01; 3-H: 1 . 20 
Me: 7.64; MeO: 5 . 84; 
NH 2 : 5.0 br; 3-H: 1 . 49 
Me: 6.72; MeO: 5.28; 3-H: 0 . 76 
1,2,3a,5-Tetra-azaindene-4-ones 
7-Amino-
7-Amino-6-methyl-
7-Nitro-
D 
D 
D 
NH 2 : 5.3 br; 6-H: 3.20; 
3-H: 1.47 
Me: 7.79; 3-H: 1.50 
3-H: 1 . 33; 6-H: 0 . 84 
11 
3-Methyl-7-nitro-
6-Methyl-7-nitro-
3,6-Dimethyl-
7-nitro-
Pteridines 
4-Methoxy-
4-Propoxy-
4-Dimethylamino-
3~5-Dinitropyridines 
2 - Me tho xy-
2-Propoxy-
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D Me: 7.45; 6-H : 0 . 90 
D Me: 7.33; 3-H: 1 . 39 
T Me: 6.81; 3-H: 0 . 91 
D 
C 
C 
D 
3-Me: 7 . 53; 6-Me: 7 . 34 
MeO: 5 . 67; 6-H: 0.95 d(~=l . 7); 
2-H: 0.84; 7-H: 0.73 d(~=l . 7) 
PrO: 8 . 91 t(~=7), 8.5-7 . 7 m(H 2), 
5 . 28 t(~=7); 6-H: 0 . 94 d(~=l . 7); 
2-H: 0 . 87; 7-H: 0 . 74 d(~=l . 7) 
N(Me) 2 : 6.37; 2-H: 1.27; 
6-H: 1.06 d(~=2); 7-H: 0.85 
d(~=2) 
T N(Me) 2 : 6.15, 5 . 76; 2-H: 1.13; 
6-H: 0.89 d(~=2); 
C 
C 
7-H: 0.51 d(~=2) 
MeO: 5.70; 4-H: 0 . 83 d(~=2 . 6); 
" 6-H: 0.58 d(~=2 . 6) 
PrO: 8.92 t(~=7), 8 . 6-7 . 7 m(H 2), 
5.35 t(~=7); 4-H: 0.88 d(~=2 . 6); 
6-H: 0.64 d(~=2 . 6) 
Purine 
9-Amino-2,6-dimethyl- T 
Footnotes to Table . II 
2,6-(Me) 2 : 6.85, 6 . 71; 
8-H: 0.59 
a: C=CDC1 3 ; D = (CD 3 ) 2SO; T = CF 3co 2H. 
b: Relative values to tetramethylsilane or sodium 3-
trimethylsilylpropane-1-sulphonate; singlet unless 
otherwise indicated as d (doublet), t (triplet), 
q (quartet), or sp (septet); br = broad singlet; 
J values in c . p.s. 
c: Collapsed to a singlet on addition of o2o. 
d: Disappeared on addition of o2o. 
e: Arising from bond fixation of NR 2 group; see text. 
f: From Biffin, Brown, and Lee (1967b). 
~' 
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CHAPTER III 
EXPERIMENTAL DETAILS 
1. General Data 
Analyses were done by Dr J.E. Fildes and her staff. 
Proton magnetic resonance spectra were recorded by Mr S. 
E. Brown using a Perkin-Elmer RlO 60-Mc/s instrument at 
33.5° against tetramethylsilane or sodium 3-trimethyl-
silylpropane-1-sulphonate as internal standard. Mass 
spectra were recorded by Dr J.K. Macleod of the Research 
School of Chemistry in this University. Ultraviolet 
spectra were measured on a Shimadzu RS 27 or Unicam 
SP. 800 recording spectrophotometer and peaks were 
checked on an Optica or Unicam SP. 500 manual instrument. 
Ionization constants were obtained spectrometrically at 
20° at concentrations below 10- 4~ in buffers (Perrin, 
1963) of 10- 2~ ionic strength using methods outlined by 
Albert and Serjeant (1962); for low values of pH the 
acidity function (H
0
) solutions (Paul and Long, 1957) 
were used; no thermodynamic corrections were applied. 
Infrared spectra were recorded with a Unicam SP. 200 
instrument using Nujol mulls. Melting points were 
determined in glass capillaries inserted in an 
-
I 
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electrically heated copper block (Townson & Mercer Ltd., 
Type V Melting Point Apparatus) and were uncorrected. 
Commercially available silver oxide (AJAX Chemicals 
Ltd. or By-Products & Chemicals Ltd.) was used for 
oxidations and transetherifications. Butylamine 
(Fluka Puriss.) was distilled over potassium hydroxide 
before use. Anhydrous tetrahydrofuran was obtained 
by distillation over sodium wire and anhydrous alcohols 
were obtained by distillation over magnesium with a 
trace of iodine. 
Following the practice of The Chemical Society, 
the names of new compounds are underlined (in lieu 
of italics) at their first mention in the body of the 
experimental text. Names which are headings are also 
underlined, but this does not necessarily indicate 
that the compound is new. Each compound prepared 
1n collaboration with Dr M.E.C. Biffin is marked with 
an asterisk (*). 
2. Syntheses 
4-a-Ethoxyethylidenehydrazino-5-nitropyrimidine* 
A suspension of 4-hydrazino-5-nitropyrimidine 
(Biffin, Brown, and Porter, 1968; 1.5 g.) in triethyl 
orthoacetate (15 ml.) was heated under reflux until 
homogeneous (ca 5 min.). On cooling, the solution 
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deposited 4- a- ethoxyethylidenehydrazino-5-nitropyrimidine 
(1.6 g.), m.p. 139-141° (from ethanol)(Found: C, 42.9; 
H, 5.1; N, 30.8. 
H, 4.9; N, 31.1%). 
1,2-Dihydro-3-methyl-1,2,4,6,8-penta-azanaphthalene* 
4-a-Ethoxyethylidenehydrazino-5-nitropyr imidine 
(1.15 g.) was hydrogenated in ethanol (100 ml.) over 
palladium-on-carbon (10%; 0.50 g.) at 20° and 760 mm. 
The calculated volume of hydrogen was absorbed during 
10 hr. The mixture was heated under reflux for 2 hr . 
and filtered. Treatment with charcoal and concentr-
ation to ca 5 ml. under reduced pressure gave the 
~ 1,2-dihydro-3-methylpenta-azanaphthalene (0 . 49 g . ; 
64 %), m.p. f 300° (from ethanol) and m/e 149 (Found: 
C, 48.4; H, 4.7; N, 46.8. 
H, 4.7; N, 47.0 %). Its picrate had m.p. 205° (from 
water)(Found: C, 37.8; H, 2 . 8; N, 29.6 . 
requires C, 38.1; H, 2.7; N, 29.6%). 
3-Methyl-1,2,4,6,8-penta-azanaphthalene 
The 1,2-dihydro-3-methylpenta-azanaphthalene 
(0.065 g.), silver oxide (1.2 g.), and barium oxide 
(1.5 g.) were stirred in anhydrous tetrahydrofuran 
(25 ml.) at 25° for 16 hr. The filtered solution was 
evaporated to dryness under reduced pressure and 
sublimation of the residue (30°/0.05 mm.) gave red 
crystals of the 3-methylpenta-azanaphthalene (41%), 
m.p. 81-82° (Found: C, 49.2; H, 3.6; N, 47.3 . 
c6H5N5 requires C, 49 . 0; H, 3.4; N, 47.6%). 
5,6-Dihydro-5-methoxy-3-methyl-1,2,4,6,8-penta-
azanaphthalene and its 5-ethoxy homologue* 
The 1,2-dihydro-3-methylpenta-azanaphthalene 
(0.065 g.) was oxidized by silver oxide in tetra-
hydrofuran as above. The filtered red solution was 
diluted with methanol (10 ml.). After 1 hr. the now 
yellow solution was evaporated to dryness under 
reduced pressure . The solid was collected and washed 
with a little tetrahydrofuran to give the orange 
5,6-dihydro-5- methoxy -3-methylpenta-azanaphthalene 
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(0.035 g.), m.p. 213-214° (Found: m/e 179.082. 
c7H9N5o requires m/e 179.085). Its 5-ethoxy homologue 
(0.045 g.) was made similarly except that 12 hr. were 
allowed for reaction with ethanol. It had m.p. 114° 
(Found: m/e 193.095. c8H11 N50 requires m/e 193.100). 
4-a-Ethoxyethylidenehydrazino-6-methoxy-5-nitropyrimidine* 
4-Hydrazino-6-methoxy-5-nitropyrimidine (Biffin, 
Brown, and Lee, 1967b; 2.0 g.) was added in portions 
during 5 min. to triethyl orthoacetate (30 ml.) at ca 
25°. Stirring was continued for 30 min. and yellow 
4-a-ethoxyethylidenehydrazino-6-methoxy-5-nitropyrimidine 
(2.0 g.) was filtered off. It had m.p. 140-142° (from 
ethanol)(Found: C, 42.65; H, 5.2; N, 27.0. 
c9H13 N4o4 requires C, 42.35; H, 5.1; N, 27.4%). 
1,2-Dihydro-5-methoxy-3-methyl-1,2,4,6,8-penta-
azanaphthalene* 
4-a-Ethoxyethylidenehydrazino-6-methoxy-5-
nitropyrimidine (0.80 g.) was hydrogenated in ethanol 
(60 ml.) over palladium-on-carbon (5%; 0.8 g.) at 20° 
and 760 mm. for 4 hr. The filtered solution was 
evaporated to dryness under reduced pressure and 
crystallization of the residue from water gave the 
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1,2-dihydro-5-methoxy-3-methylpenta-azanaohthale ne 
(0.32 g.), m. p. 172° (Found: C, 44.9; H, 5.6; N, 37 . 8. 
c7H9N50.\H 20 requires C, 45.1; H, 5.4; N, 37.6%) . 
Its picrate had m.p. 168-170° (from water)(Found: 
N, 25.5. 
5-Methoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene* 
(~) l,2-Dihydro-3-methylpenta-azanaphthalene 
(0.065 g.), silver oxide (1.0 g.), and methanol (10 ml.) 
were stirred at 25° for 1 hr. Filtration and evapor-
ation under reduced oressure gave the 5-methoxy-3-
methylpenta-azanaphthalene (0.03 g.), m.p. 169° (after 
sublimation at 80°/0.1 mm.) and m/e 177 (Found: 
C, 47.3; H, 4.0; N, 40.15. c7H7N50 requires 
C, 47.45; H, 4.0; N, 39.55%). 
(~) 1,2-Dihydro-5-methoxy-3-methylpenta-
azanaphthalene (0.10 g.) in methanol (10 ml.) was 
stirred with silver oxide (1.0 g.) at 25° for 1 hr. 
The solution was filtered and evaporated to dryness under 
reduced pressure. Sublimation of the residue 
(80°/0.l mm.) gave the 5-methoxy-3-methylpenta-
azanaphthalene (0.06 g.) , identified with the above 
product by mixed m.p. Oxidation occurred slowly when 
a methanolic solution of the same substrate was allowed 
to stand in air. 
(~) The 5,6-dihydro-5-metho xy-3-methylpenta-
azanaphthalene (0.025 9.) in methanol (5 ml . ) was 
stirred with silver oxide (0.5 g.) at 25° for 3 hr . 
The filtered solution was evaporated to dryness under 
reduced pressure and the residue, on sublimation as 
above, gave the 5-methoxy-3-methylpenta-azanaphthalene 
(0.01 g.), identified by mixed m.p. 
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Similar treatment of its 5-ethoxy homologue (0.03 g.) 
gave the 5-methoxy-3-methylpenta-azanaphthalene (0.01 g.), 
identified by mixed m.p. and i .r. spectra . 
4-Ethoxymethylenehydrazino-5-nitropyrimidine* 
4-Hydrazino-5-nitropyrimidine (Biffin, Brown, and 
Porter, 1968; 2.8 g.) and triethyl orthoformate (30 ml.) 
were heated under reflux until homogeneous (ca 5 min.). 
On cooling, the solution deposited 4-ethoxymethylene-
hydrazino-5-nitropyrimidine (3 .0 g.), m.p. 149-151° 
(from ethanol)(Found: N, 33.1. c7H9N5o3 requires 
N, 33.2%). 
l,2-Dihydro-1,2,4,6,8-penta-azanaphthalene* 
(~) 4-Ethoxy methy lenehydrazino-5-nitropyr imidine 
(2.02 g . ) was hydrogenated in ethanol (400 ml . ) over 
palladium-on-carbon (20%; 0.35 g . ) at 20° and 760 mm . 
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The calculated volume of hydrogen was absorbed during 
12 hr. The mixture was heated under reflux for 2 hr. 
and filtered. Treatment with charcoal and concentration 
to ca 5 ml. under reduced pressure gave the 1,2-dihydro-
penta-azanaphthalene (72%), m.p. t 350° (from ethanol) 
and m/e 135 (Found: C, 44.3; H, 3.8; N, 51.7. 
c5H5N5 requires C, 44.4; H, 3.7; N, 51.8%). Its 
picrate had m.p. 197° (from water)(Found: C, 34.9; 
H, 2.7; N, 29.1. 
H, 2.6; N, 29.3%). 
(~) 5-Amino-4,6-dichloropyrimidine (Robins, Dille, 
and Christensen, 1954; 1.5 g.) and hydrazine hydrate 
(1.2 g.) in methanol (25 ml.) were heated under reflux 
for 1 hr. After addition of water (7 ml.), the 
solution was concentrated to ca 10 ml. under reduced 
pressure. Refrigeration gave a solid which was 
washed with cold water (5 ml.); concentration of the 
filtrate and washings gave a second crop . The total 
yield of 5-amino-4-chloro-6-hydrazinopyrimidine, 
m.p. 184°, was 88% (£[. Montgomery and Temple, 1960: 
m.p. 184° and 40%). After dechlorination (Montgomery 
and Temple, 1960), the 5-amino-4-hydrazinopyrimidine 
hydrochloride (0 . 25 g.), mixed with water (3.0 ml.) 
containing sodium metabisulphite (0 . 05 g.), was covered 
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by a layer of triethyl orthoformate (30 ml . ) . Solid 
sodium hydrogen carbonate (0 . 15 g.) was added with 
stirring. After dissolution, ethanol (10 ml.) was 
added and the mixture was heated under reflux for 2.5 hr. 
Evaporation under reduced pressure and recrystallization 
of the residue from ethanol gave the 1,2-dihydropenta-
azanaphthalene (83%). 
5,6-Dihydro-5-methoxy-1,2,4,6,8-penta-azanaphthalene 
(~) The 1,2-dihydropenta-azanaphthalene (0 . 17 g . ), 
silver oxide (2 o0 g . ), and barium oxide (3.0 g . ) were 
stirred in anhydrous tetrahydrofuran (140 ml . ) at 25° 
for 11 hr. The red filtrate, of a characteristic u . v . 
spectrum (see Table I), was diluted with methanol 
(100 ml.) and allowed to stand at 25° for 2 hr . The 
solution was treated with charcoal and the filtered 
solution was evaporated to dryness under reduced 
pressure. The residual 
azanaphthalene (39%) had 
methanol) and v 3200 
max . 
5,6-dihydro-5-methoxypenta-
m. p . 150° (decomp . )(from 
cm- 1(-NH-)(Found: C, 43 . 7; 
H, 4.65; N, 42.6 . c6H7N50 requires C, 43 . 6; 
H, 4.3; N, 42 . 4%) . 
Attempts to isolate 1,2,4,6,8-penta-azanaphthalene 
from a freshly oxidized solution of the 1,2-di hyd r o 
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compound as above ., were u n success f u ·1 due to deco mp o s i ti on 
during sublimation . 
(~) The 1,2-dihydropenta-azanaphthalene (0.14 g . ) 
and silver oxide .(1.0 g.) were stirred in methanol 
(20 ml.) at 25° for 16 hr . Evaporation of the filtered 
solution under reduced pressure and recrystall izati on 
from methanol gave the 5,6-dihydro-5-methoxypenta-
azanaphthalene (51%), identified with the above product 
by mixed m. p. and i . r . spectra . 
5-Methoxy-1,2,4,6,8-penta-azanaphthalene 
(~) The 1,2-dihydropenta-azanaphthalene (0 . 1 g . ) 
and silver oxide (2.0 g.) were stirred in methanol 
(25 ml.) under reflux for 16 hr . The filtered solution 
was concentrated to ca 1 ml . under reduced pressure . 
Refrigeration gave a solid which was collected by 
filtration and washed with ether. The solid was the 
above 5,6-dihydro-5-methoxypenta-azanaphthalene (30%). 
The filtrate and washings were evaporated to dryness 
under reduced pressure . Extract ion with boiling light 
petroleum (b . p . 60-80°; 3 x 80 ml . ) and concentration 
gave orange 5-methoxy-1,2,4,6,8-penta-azanaphtha lene 
(48%), m.p . 100° (after sublimation at 75°/0 , 5 mm.) 
(Found: C, 44.45; H, 3.0; N, 42.6. 
C, 44.2; H, 3.1; N, 42.9%). 
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(~) 5-Chloro-1,2-dihydro-l,2,4,6,8-penta-
azanaphthalene hydrochloride (Temple, McKee, and 
Montgomery, 1963; 0.9 g.), silver oxide (5.0 g.), 
anhydrous sodium sulphate (10 g . ), and anhydrous methanol 
(100 ml.) were stirred at 25° for 12 hr. The mixture 
was filtered and the filtrate was evaporated to dryness 
under reduced pressure. Extraction of the residue with 
boiling ether (2 x 300 ml.) and evaporation of the 
extracts gave a solid which sublimed at 75°/0.5 mm . to 
give the 5-methoxypenta-azanaphthalene (0.45 g.), 
identified with the above product by mixed m.p. (100°) 
and i .r . spectra. 
5-Ethoxy-1,2,4,6,8-penta-azanaphthalene 
The 1,2-dihydropenta-azanaphthalene (0 . 38 g.), 
silver oxide (5 . 0 g.), and anhydrous ethanol (60 ml.) 
were heated under reflux with stirring for 24 hr. 
The residue from evaporation of the filtered solution 
was extracted with ether ( 100 ml.). Removal of the 
ether left a solid which was recrystallized from light 
petroleum (b . p . 60-80°) and then sublimed at 85°/0.5 mm. 
to give the red 5-ethoxypenta-azanaphthalene (0.05 g . ), 
m.p. 95-96° (Found: C, 47.4; H, 4.2; N, 39 . 1 . 
c7H7N5o requires C, 47 . 45; H, 4.0; N, 39.5%). 
4-Hydrazino-6-methoxy-2-methyl-5-nitropyrimidine* 
112 
4-Chloro-6-methoxy-2-methyl-5-nitropyrimidine (Urban 
and Schnider, 1958; 31 g.) in ethanol (1000 ml.) was 
stirred at -10° while hydrazine hydrate (16 g.) in 
ethanol ( 150 ml . ) was added during 15 min . After 
40 min . 4-hydrazino-6-methoxy-2-methyl-5-nitropyrimidine 
(85%) was filtered off . It had m. p . 144-145° (from 
methanol)(Found: C, 35 . 9; H, 4 . 8; N, 35 . 8. 
c6H9N5o3 requires C, 36 . 2; H, 4.55; N, 35.2%). 
4-Methoxy-2-methyl-5-nitropyrimidine* 
4-Hydrazino-6-methoxy-2-methyl-5-nitropyr imidine 
(10 g . ) and silver oxide (33 g . ) were stirred in 
methanol (150 ml . ) at 50-55° for 2 hr. The mixture 
was filtered and the filtrate was evaporated to dryness 
under reduced pressure . The residue was extracted 
with boiling light petroleum (b . p . 60-80°; 2 x 500 ml . ) . 
Removal of the solvent gave 4-methoxy-2-methyl-5-
nitropyrimidine (3 . 7 g.), m. p 48° (from light 
petroleum)(Found: C, 42.65; H, 4.4; N, 24.8. 
C6H7N3o3 requires C, 42 .6; H, 4.2; N, 24 . 8%). 
4-Hydrazino-2-methyl-5-nitropyrimidine* 
4-Methoxy-2-methyl-5-nitropyrimidine (3 . 0 g . ) in 
methanol (30 ml.) was maintained at -5° while hydrazine 
hydrate (1 . 1 g . ) in methanol (15 ml . ) was added during 
15 min . After a further 15 min . , filtration of the 
mixture gave 4-hydrazino-2-methyl-5-nitropyrimidine 
(2.1 g.), m. p . 152° (from methanol )(Found: C, 35 . 5; 
H, 4 . 0; N, 41.0 . c5H7N5o2 requires C, 35 . 5; 
H, 4.2; N, 41.4%). 
Oxidation of this hydrazinopyrimidine (0.25 g . ) 
using silver oxide (1 . 0 g.) in methanol (20 ml . ) gave 
2-methyl-5-nitropyrimidine (0.13 g . ), identified with 
an authentic material (Biffin, Brown, and Lee, 1967a) 
by mixed m. p . (59°). 
4-Ethoxymethylenehydrazino-2-methyl-5-nitropyrim i di ne * 
A suspension of 4-hydrazino-2-methyl-5-
nitropyrimidine (1 . 3 g.) and triethyl orthoformate 
(10 ml.) was heated under reflux until homogeneous 
(~ 4 min.) . After cooling, filt r ation gave 
4-ethoxymethylenehydrazino-2-methyl-5-nitropy r i midine 
(1.0 g . ), m. p . 117-119° (from ethanol) ( Fou nd: 
C, 42.65; H, 4 . 9; N, 31.4 . c8H11 N5o3 requ i res 
C, 42 . 3; H, 4 "9; N, 31 . 4%) . 
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l,2-Dihydro-7-methyl-1,2,4,6,8-penta-azanaphthalene* 
4-Ethoxymethylenehydrazino-2-methyl-5-ni tropyrimidine 
(1.5 g .) was hydrogenated in ethanol (100 ml.) over 
palladium-on-carbon (20%; 0.2 g.) at 20° · and 760 mm. 
for 10 hr. The mixture was heated under reflux for 
2 hr. and filtered. The filtrate was treated with 
charcoal and concentrated to ca 5 ml. under reduced 
pressure. Refrigeration gave the 1,2-dihydro-7-
methylpenta-azanaphthalene (0.63 g.), m.p. { 300° 
(from ethanol) and m/e 149 (Found: C, 47.9; H, 4.5. 
c6H7N5 requires C, 48 . 3; H, 4.7%). Its picrate 
had m.p. 198-199° (from water)(Found: C, 36.3; 
H, 3.0; N, 28.1. c12 H10 N8o7 .H 2o requires 
C, 36.4; H, 3.0; N, 28.3%). 
5,6-Dihydro-5-methoxy-7-methyl-1,2,4,6,8-penta -
azanaphthalene 
The 1,2-dihydro-7-methylpenta-azanaphtha lene 
(0.15 g.), silver oxide (2.0 g . ), and barium oxide 
(1.5 g.) were stirred in anhydrous tetrahydrofuran 
(100 ml.) at 25° for 15 hr. The mixture was filtered 
and the filtrate, of a characteristic u.v. spectrum 
(see Table I), was diluted with methanol (100 ml . ). 
After allowing the solution to stand at 25° for 10 hr . , 
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it was treated with charcoal and concentrated to ca 5 ml. 
under reduced pressure. Refrigeration gave yellow 
needles of the 5,6-dihydro-5-methoxy-7-methylpenta-
a z an a p h th al en e ( 8.0 % ) , m . p . f 3 0 0 ° ( from me th an o l ) ( Found : 
C, 46 . 9; H, 5 . 0; N, 38 .8. c7H9N50 requires 
C, 46.9; H, 5.1; N, 39.1%) . 
Attempts to isolate 7-methylpenta-azanaphthalene 
from an oxidized solution of the 1,2-dihydro compound 
as above, were unsuccessful. 
5-Methoxy-7-methyl-1,2,4,6,8-penta-azanaphthalene* 
The 1,2-dihydro-7-methylpenta-azanaphthalene 
(0.07 g.) and silver oxide (1 g.) were stirred in 
methanol (10 ml.) at 25° for 1 hr. Filtration and 
evaporation gave the 5-methoxy-7-methylpenta-
azanaphthalene (15%), m.p. 110° (after sublimation at 
60°/0 . 5 mm . ) and m/e 177 (Found: C, 47.7; H, 4.25; 
N, 39.6. c7H7N5o requires C, 47.45; H, 4 . 0; 
N, 39.55%) . 
4-a-Ethoxyethylidenehydrazino-2-methyl-5-nit ropyrimidine* 
A suspens ion of 4-hydrazino-2-methyl-5-
nitropyrimidine (0.7 g.) in triethyl orthoacetate (10 ml.) 
was boiled until homogeneous (ca 3 min . ) . After cooling, 
116 
filtration gave 4-a-~thoxyethylidenehydrazino-2-methyl-
5-nitropyrimidine (0.5 g.), m.p. 129° (from ethanol) 
(Found: C, 45 . 2; H, 5.5; N, 28.9 . C9H13 N5o3 
requires C, 45 . 2; H, 5 . 5; N, 29 . 3%) . 
1,2-Dihydro-3,7-dimethyl-1,2,4,6,8-penta-azanaphthalene* 
4-a-Ethoxyethylidenehydrazino-2-methyl-5-
nitropyrimidine (0.81 g.) was hydrogenated over 
palladium-on-carbon (5%; 0.6 g.) in ethanol (100 ml . ) 
at 20° and 760 mm. during 6 hr . The mixture was 
heated under reflux for 50 min., filtered, and 
concentrated to ca 5 ml. under reduced pressure . 
Refrigeration gave the yellow 1,2-dihydro-3,7-
dimethylpenta-azanaphthalene (0.36 g.), m. p . f 300° 
(from ethanol) and m/e 163 (Found: C, 51.4; H, 5 . 5; 
N, 42.3. c7H9N5 requires C, 51.5; H, 5 . 6; N, 42 . 9%) . 
3,7-Dimethyl-1,2,4,6,8-penta-azanaphthalene 
The above 1,2-dihydro-3,7-dimethylpenta-
azanaphthalene (0 . 08 g . ), silver oxide (1 . 0 g . ), and 
barium oxide (1 . 5 g . ) were stirred in anhydrous 
tetrahydrofuran ( 20 ml . ) at 25° for 14 hr . The mi xture 
was filtered and the filtrate was evaporated to dryness 
under reduced pressure. Sublimation of the residue at 
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70°/0.07 mm. gave the red 3,7-dimethylpenta-azanaph t hale ne 
(0.042 g.), m.p. 107-109° and m/e 161 (Found: C, 51 . 8; 
H, 4.4; N, 43.5. 
N, 43.5%). 
5,6-Dihydro-5-methoxy-3,7-dimethyl-1,2,4,6,8-penta-
azanaphthalene 
The above 3,7-dimethylpenta-azanaphthalene (0.056 g.) 
was dissolved in methanol (2.0 ml.). After 5 hr. at 5 °, 
the solution was concentrated to ca 0.5 ml . under 
reduced pressure and cooled to give the yellow 5,6-dihydro-
5-methoxy-3,7-dimethylpenta-azanaphthalene (0 . 03 g.), 
m.p. f 300° (with darkening above 90°) and v 3200 cm-l 
max. 
(-NH-)(Found: C, 49.8; H, 6.2; N, 35.7. 
c8H11 N50 requires C, 49.7; H, 5.7; N, 36.25 %). 
5-Methoxy-3,7-dimethyl-1,2,4,6,8-penta-azanaphthale ne* 
The 1,2-dihydro-3,7-dimethylpenta-azanaphthalene 
(0.064 g.) and silver oxide (1 g.) were stirred in 
methanol (10 ml.) at 25° for 1 hr. The mixture was 
filtered and the filtrate was evaporated to dryness 
under reduced pressure . Sublimation of the residue 
at 80°/0.1 mm. gave the 5-methoxy-3,7-di methylpenta-
azanaphthalene (10%), m. p . 189° and m/e 191 (Found: 
C, 49.8; H, 4.6; N, 37.2. 
C, 50.3; H, 4 . 7; N, 36.8%). 
4-Chloro-2,6-dimethyl-5-nitropyrimidine 
Diethylaniline (25 g.) was added slowly to a hot 
suspension of 2,4-dimethyl-5-nitropyrimidine-6-one 
(Rose, 1954; 28 g.) in phosphoryl chloride (150 ml.) . 
The mixture was heated under reflux for 1 hr. and the 
excess of phosphoryl chloride was removed by distill-
ation under reduced pressure . The residue was poured 
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on to ice (500 g.) and extracted with ether (4 x 500 ml . ) . 
The extracts were washed with water, dehydrated over 
anhydrous sodium sulphate, and evaporated to give 
4-chloro-2,6-dimethyl-5-nitropyrimidine (89%), m. p. 
35° (after sublimation at 30°/0.1 mm.)(cf. Urban and 
Schnider, 1958: b.p. 106-108°/12 mm . and 78% yield) . 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine 
4-Chloro-2,6-dimethyl-5-nitropyrimidine (10 . 5 g . ) 
1n 95% ethanol (150 ml.) was added in portions during 
15 min. to a stirred solution of hydrazine hydrate 
(5.6 g.) in 95% ethanol (200 ml.) at -5° . The yellow 
solid was filtered off and washed with cold water 
followed by ethanol . Recrystallization from methanol 
gave 4-hydrazino-2,6-dimethyl-5-nitropyrimidine (79 %), 
m.p. 127.5-128.5° (Found: C, 39 . 6; H, 5 . 2; N, 38.4 . 
c6H9N5o2 requires C, 39.3; H, 4.95; N, 38 . 2%) . 
A reversed addition of the ethanolic hydrazine 
hydrate to the ethanolic chloropyrimidine gave 
NN'-bis(2,4-dimethyl-5-nitropyrimidin-6-Yl_)hydrazine 
(90%), m.p. 225° (from methanol) and m/e 334 (Found: 
C, 43.5; H, 4.3; N, 33.6. c12 H14 N8o4 requires 
C, 43.1; H, 4.2; N, 33.5%). Attempts to form 
4,5-diamino-2,6-dimethylpyrimidine (Prasad, Noell, 
and Robins, 1959) by hydrogenation were unsuccessful . 
4-a-Ethoxyethylidenehydrazino-2,6-dimethyl-5-
nitropyrimidine 
4-Hydrazino-2,6-dimethyl-5-nitropyrimdine (2 . 0 g.) 
and triethyl orthoacetate (10 ml.) were warmed on the 
steam bath until homogeneous (ca 5 min . ) . The 
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solution was evaporated under reduced pressure and the 
oily residue was mixed with light petroleum (5 ml . ) . 
Refrigeration gave yellow 4-a-ethoxyethylidenehydraz i no-
2,6-dimethyl-5-nitropyrimidine (0 . 6 g.), m. p . 98-99° 
(from light petroleum)(Found: C, 47 . 6; H, 6 . 1; 
N, 27.7. c10 H15 N5o3 requires C, 47.4; H, 6 . 0; 
N, 27 . 65%). 
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l,2-Dihydro-3,5,7-trimethyl-1,2,4,6,8-penta-azanaph thalene 
The above ethoxyethylidenehydrazinopyri midine 
(crude; 4 . 0 g . ) was hydrogenated in ethanol (250 ml . ) 
over palladium-on-carbon (10%; 0.3 g.) at 20° and 760 mm. 
for 3 hr. The mixture was heated under reflux for 1 hr . 
After filtration, the solution was concentrated to 
ca 5 ml. under reduced pressure. Refrigeration gave 
the 1,2-dihydro-3,5,7-trimethylpenta-azanaphthalene 
(0.60 g.), m.p. 189-190° (decomp . )(from ethanol)(Found: 
C, 52.5; H, 6.4; N, 38.5. C8H11 N5 .\H 20 requires 
C, 52.9; H, 6.4; N, 38.5%) [dried at 30° in vacuo]. 
3,5,7-Trimethyl-1,2,4,6,8-penta-azanaphthalene 
The 1,2-dihydro-3,5,7-trimethylpenta-azanaphthalene 
(0.08 g.), silver oxide (1.4 g.), and barium oxide 
(1.5 g.) were stirred in anhydrous tetrahydrofuran 
(60 ml.) at 25° for 20 hr. The mixture was filtered 
and the filtrate was evaporated to dryness under reduced 
pressure. Sublimation of the residue at 60°/0 . 1 mm. 
gave the deep red 3,5,7-trimethylpenta-azanaphthalene 
(0.023 g., 30%), m.p. 91° (decomp.)(Found: C, 55.2; 
H, 5.55; N, 40.8. 
H, 5.2; N, 40.0%). 
4,6-Dimethyl-7-nitro-1,2,3a,5-tetra-azaindene 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine (3 . 0 g.) 
and tri ethyl orthoforma te ( 45 ml . ) were boi 1 ed under 
reflux for 1 hr. After treatment with charcoal, the 
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solution was evaporated to dryness under reduced pressure. 
The residual 4,6-dimethyl-7-nitrotetra-azaindene (2.1 g.) 
had m.p. 91-92° (from ether) and m/e 193 (Found: C, 43.5; 
H, 3.9; N, 36.5. c7H7N5o2 requires C, 43 . 5; H, 3.65; 
N, 36.3%). 
7-Amino-4,6-dimethyl-1,2,3a,5-tetra-azaindene 
The above 7-nitrotetra-azaindene (1.3 g.) was 
hydrogenated in ethanol (100 ml.) over Raney nickel at 
20° and 760 mm. Concentration of the filtered solution 
to ca 5 ml. followed by refrigeration gave the 
7-amino-4,6-dimethyltetra-azaindene (0 . 80 g . ), 
m.p. 149.5-150.5° (from ethanol)(Found: C, 51 . 3; H, 5.8; 
N, 43.2. c7H9N5 requires C, 51 . 5; H, 5 . 6; N, 42.9 %) . 
4-2'-Formylhydrazino-2,6-dimethyl-5-nitropyrimidine 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine (2 . 5 g . ) 
and 98% formic acid (50 ml . ) were heated at 100° for 
30 min . The residue from evaporation under reduced 
pressure was dissolved in ethanol and again taken to 
dryness under reduced pressure; the process was repeated 
twice . The final residue was extracted with boiling 
ether (500 ml.). Concentration of the extract under 
reduced pressure to ca 50 ml. gave 4-2'-formylhydrazino-
2,6-dimethyl-5-nitropyrimidine (50%), m.p. 157-159° 
(from ether)(Found: C, 40.1; H, 4.6; N, 33 . 4 . 
c7H9N5o3 requires C, 39.8; H, 4.3; N, 33 . 2%) . 
5-Amino-4-chloro-2,6-dimethylpyrimidine 
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4-Chloro-2,6-dimethyl-5-nitropyrimidine (21 . 5 g.) was 
hydrogenated in methanol (200 ml.) over Raney nickel at 
20° and 760 mm. for 2 hr . The catalyst was filtered 
off and the solvent was distilled off under reduced 
pressure. The oily residue was crystallized from water 
to give 5-amino-4-chloro-2,6-dimethylpyrimidine (55%), 
m.p. 73° (after sublimation at 70°/0 . 1 mm.)(Andersag 
and Westphal, 1937; m. p. 80°)(Found: C, 45 . 6; H, 5 . 5; 
N, 26 . 9 . Calcd for c6H8ClN 3 : C, 45 . 7; H, 5 . 1; 
N, 26.7%) . The 5-aminopyrimidine (9.8 g . ) in ethanol 
(30 ml . ) was acidified with 10~-hydrochloric acid 
(15 ml.). Refrigeration gave a crude hydrochloride 
( 9 . 7 g • ) • 
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5-Amino-4-hydrazino-2,6-dimethylpyri midine dihydrochloride 
The above crude 5-amino-4-chloro-2,6-dimethyl-
pyrimidine hydrochloride (9.7 g.) was heated with 
hydrazine hydrate (9.7 g.) in 95% ethanol (150 ml.) under 
reflux for 4 hr. The mixture was diluted with methanol 
(150 ml.), treated with charcoal, and filtered. The 
filtrate was acidified with hydrochloric acid and 
evaporated to dryness under reduced pressure. The 
residual 5-amino-4-hydrazino-2,6-dimethylpyrimidine 
dihydrochloride (62%) had m.p. 218-220° (from methanol) 
(Found: C, 32 . 1; H, 5.8; N, 31.25 . C6H13 cl 2N5 
requires C, 31 . 9; H, 5.8; N, 31.0%). 
1,2-Di hydro-5, ?-dimethyl -1,2 ,4 ,6 ,8-penta-azanaphthal ene 
(~) To a solution of 5-amino-4-hydrazino-2,6-
dimethylpyrimidine dihydrochloride (1.0 g . ) in water 
(10 ml . ) was added sodium dithionite (0 . 2 g.), 
followed by sodium hydrogen carbonate (0 . 5 g . ), and 
then by triethyl orthoformate (70 ml . ) diluted with 
ethanol (20 ml . ). The mixture was heated under reflux 
for 3 hr. Inorganic material was filtered off and the 
filtrate was evaporated under reduced pressure . The 
residue was diluted with water (10 ml . ) and extracted 
with ether . The aqueous solution was evaporated under 
reduced pressure and the residue was added to ethanol 
(30 ml.) containing formic acid (10 ml.). Evaporation 
under reduced pressure, treatment of the remaining 
material with acetone (20 ml.) and refrigeration gave 
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the 1,2-dihydro-5,7-dimethylpenta-azanaphthalene formate 
(salt)(34%), m.p. 210-211° (from ethanol)(Found: C, 46.0; 
H, 5.2; N, 33.2. c7H9N5 .HC0 2H requires C, 45 . 9; 
H, 5.3; N, 33 . 5%). Attempts to make the free base from 
the formate were unsuccessful due to decomposition . 
(~) 4-2'-Formylhydrazino-2,6-dimethyl-5-
nitropyrimidine (1.0 g.) was hydrogenated in ethanol 
(50 ml.) over palladium-on-carbon (10%; 0.2 g . ) at 20° 
and 760 mm. until the calculated volume of hydrogen had 
been absorbed (10 hr.). The mixture was heated under 
reflux for 3.5 hr . to complete cyclization and then 
filtered. Evaporation of the filtrate and addition 
of formic acid (1 ml . ) to the residue gave a for mat e 
(8%), identified with that described above by mixed 
m.p. and i .r . spectra. 
Oxidation of 1,2-dihydro-5,7-dimethylpenta-azanaphthalene 
The 1,2-dihydro-5,7-dimethylpenta-azanapht halene 
formate (0 . 105 g . ), silver oxide (2 .0 g.) and barium 
oxide (2.5 g.) were stirred 1n anhydrous tetrahydrofuran 
(100 ml . ) at 20° for 3 hr . The mixture was filtered 
and the deep red filtrate, of a characteristic u.v . 
spectrum (see Table I), was evaporated to dryness under 
reduced pressure. The red residual compound decomposed 
on attempted sublimation . 
9-Amino-2,6-dimethylpurine hydrochloride 
5-Amino-4-hydrazino-2,6-dimethylpyrimidine 
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di hydrochloride (0.30 g . ), 10~-hydrochloric acid (0 . 4 ml . ), 
and triethyl orthoformate (10 ml . ) were stirred at 25° for 
3 hr. The solid was collected by filtration and washed 
with acetone . Recrystallization from ethanol gave 
9-amino-2,6-dimethylpurine hydrochloride (73%), m. p . 
f 300° (Found: C, 42.4; H, 5.2; N, 34 . 7 . 
C7H9N5 . HC1 requires C, 42.1; H, 5 . 05; N, 35 . 1%). 
4-Methyl-5-nitropyrimidine-6-one* 
4,6-Dichloro-5-nitropyrimidine (Boon, Jones, and 
Ramage, 1951; 15 g . ), diethyl malonate (25 g .) , and 
light petroleum (b . p. 40-60°; 85 ml . ) were stirred 
vigorously and maintained at 25° while 11~-sodium 
hydroxide (31 ml . ) was added portionwise during 15 min. 
The aqueous solution was shaken with a little ether then 
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acidified to give a yellow oil which was extracted with 
ether. Distillation of the extract gave crude 
diethyl a-(4-chloro-5-nitropyrimidin-6-yl)malonate 
(12 g.; cf. Rose and Brown, 1956) boiling 62-72°/0 . 5 mm. 
[vmax. 1745 (C0 2Et), 1570 and 1540 (N0 2 ) cm-
1 ; T in CC1 4 : 
8.72 t(i=7 c.p . s.) and 5.77 q(i=7 c . p . s.)(Et), 5.08 s 
(a-H), 0.98 s(2-H)J. This ester was heated at 80° 1n 
10~-hydrochloric acid (23 ml.) for 1.5 hr. with vigorous 
stirring. The solution was evaporated to a small bulk 
under reduced pressure, diluted with ethanol, and further 
evaporated. The process was twice repeated and the 
remaining oily residue in a little hot water was adjusted 
to pH 4 with potassium carbonate. Concentration and 
refrigeration gave 4-methyl-5-nitropyrimidine-6-one 
(0.35 g . ) ' m. p . 228-229° (from water) and T 1 n (CD 3 ) 2SO: 
7.7 s (Me) , 1.64 s(2-H) (Found: C ' 38.95; H ' 3 . 5 ; 
N ' 27.45. C5H5N303 requires C ' 38.7; H ' 3 . 3 ; 
N ' 27.1%). 
~-p-Chlorophenylazo-4-methylpyrimidine-6-one 
Formamidine acetate (62 g.) was added to ice-cooled 
methanolic sodium methoxide (800 ml., 37.2 g. sodium). 
To the resulting solution was added during 25 min. finely 
ground ethyl £-chlorophenylazoacetoacetate (Zsolnai, 
1964; 108 g.) in methanol (800 ml.). Vigorous stirring 
was maintained for 4 hr. and the mixture was then heated 
under reflux for 2 hr. After refrigeration the solid 
was collected, dis-solved in hot water (24 1 .) , and 
acidified to pH 3-4 with acetic acid. Refrigeration 
and filtration gave red crystalline 5-p-chlorophenylazo-
4-methylpyrimidine-6-one (80%), m.p. 144° (from ethanol) 
and A a (log E) in ethanol: 230(4.14), 280(3.80), m X. 
360(4.11), 465(3.02)(Found: C, 53.2; H, 3.7; N, 22.4. 
c11 H9ClN 4o requires C, 53.1; H, 3.65; N, 22.5%). 
5-Amino-4-methylpyrimidine-6-one 
(~) The above 5-£-chlorophenylazopyrimidine (60 g.) 
in methanol (750 ml.) was hydrogenated over Raney nickel 
at 50 atm. and 25° for 10 hr. The temperature was 
raised to 75° for 10 hr. The filtered solution was 
concentrated to ca 50 ml. under reduced pressure. 
After cooling, the solid was filtered off and washed 
with ether. The filtrate and washings were further 
concentrated to an oily residue which was boiled with 
ether (300 ml.) to give a second crop. The combined 
solids were recrystallized from ethanol to give 
5-amino-4-methylpyrimidine-6-one (70%), m.p . 218-219° 
(Taylor, Barton, and Paudler, 1961: m.p. 221-222°) 
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(Found: C, 47.9; H, 5.5; N, 33.3 . Calcd for 
(~) A second route to 5-amino-4-methylpyrimidine-
6-one involved condensation of ethyl ~-chlorophenylazo-
acetoacetate (27 g.) with thiourea (7.6 g.) in methanolic 
sodium methoxide (400 ml., 5 . 0 g. sodium). After 
refluxing for 2 hr . , the sodium salt was collected by 
filtration, suspended in water (600 ml.), and acidified 
with acetic acid to give red 5-p-chlorophenylazo-2-
mercapto-4-methylpyrimidine-6-one (80%), m. p. f 300° 
(with darkening above 170°)(from ethanol) and 
\ (logs) in ethanol: 242(3 . 98), 280(3.73), max. -- -- --
398(4.56)(Found: C, 46.9; H, 3 . 4; N, 19.85. 
c11 H9C1N 40S requires C, 47.1; H, 3.2; N, 20.0%). 
Sodium dithionite (20 g.) was added portionwise 
during 1 hr. to a stirred suspension of the above 
pyrimidine (9 . 5 g.) in 5% aqueous sodium hydroxide 
(300 ml.) maintained at 40-50°. The stirring was 
continued for 4 hr. The mixture was filtered and the 
filtrate was evaporated to dryness under reduced pressure . 
The residue was extracted with hot ethanol (2 x 300 ml . ) 
and the ethanol insoluble solid was dissolved in water 
(70 ml.). Acidification with acetic acid followed by 
refrigeration gave yellow 5-amino-4-methyl-2-
mercaptopyrimidine-6-one (50%), m.p. 305-306° (decamp.) 
(from water)(Taylor, Barton, and Paudler, 1961; m.p. 
320-322°, decomp.)(Found: C, 38.35; H, 4.3; N, 26.7. 
Calcd for C5H7N30S: C, 38.2; H, 4.5; N, 26.7%). 
This 2-mercaptopyrimidine was desulphurized by a 
described method (Taylor, Barton, and Paudler, 1961). 
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5-Amino-4-methylpyrimidine-6-one was converted into 
5-amino-4-hydrazino-6-methylpyrimidine via 5-amino-4-
mercapto-6-methylpyrimidine and its ~-methyl derivative 
by a described route (Taylor, Barton, and Paudler, 1961). 
1,2-Dihydro-5 -methyl-1,2,4,6,8-penta-azanaphthalene 
5-Amino-4-hydrazino-6-methylpyrimidine (1.0 g.), 
triethyl orthoformate (15 ml.), and ethanol (25 ml.) 
were heated under reflux for 3 hr. Evaporation of 
the solution under reduced pressure gave the 
1,2-dihydro-5-methylpenta-azanaphthalene (67%), m.p. 
189.5-190.5° (decomp . )(from ethanol)(£!:.. hemiacetal: 
m.p. 153-154°; Taylor, Barton, and Paudler, 1961) 
(Found: C, 48.5; H, 4.8; N, 46 . 9. Calcd for 
C6H7N5 : C, 48 . 3; H, 4 . 7; N, 47.0%). 
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Oxidation of 1,2-dihydro-5-methylpenta-azanaphthalene 
The l,2-dihydro-5-methylpenta-azanaphthalene (0.13 g.), 
silver oxide (2.0 g.), and barium oxide (2 . 0 g.) were 
stirred in anhydrous tetrahydrofuran (25 ml.) at 20° 
for 3.5 hr . The mixture was filtered and the deep 
red filtrate, of a characteristic u.v . spectrum, was 
evaporated to dryness under reduced pressure without 
external heating . Sublimation of the red residue at 
30°/0.1 mm . gave a few crimson needles too unstable 
even for analysis . 
during sublimation. 
Most of the red material decomposed 
5-Formamido-4-methylpyrimidine-6-one 
5-Amino-4-methylpyrimidine-6-one (13 g . ) and 98% 
formic acid (70 ml.) were heated under reflux for 30 min. 
The residue from evaporation under reduced pressure was 
thrice dissolved in methanol and evaporated to remove 
residual formic acid . The remaining 5-formamido-4-
methylpyrimidine-6-one (91%) had m. p . 190-191° (from 
methanol)(Found: C, 46 . 8; H, 4 . 95; N, 27 . 4 . 
c6H7N3o2 requires C, 47 . 05; H, 4 . 6; N, 27.4 %) . 
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4-Chloro-5-formamido-6-methylpyri midine 
A mixture of the above 5-formamidopyrimidine (2.3 g . ), 
dimethyl aniline (1 . 8 g . ), and phosphoryl chloride (10 ml.) 
was heated at 50° for 5 min. The solution was poured on 
to ice and the mixture was adjusted to pH 7 with aqueous 
ammonia. Extraction with ethyl acetate (5 x 120 ml . ) 
and evaporation gave an oily residue which was diluted 
with ether (15 ml . ). Refrigeration gave 4-chloro-5-
formamido-6-methylpyrimidine (5%), m.p. 90° (after 
sublimation at 75°/0.1 mm.)(Found: C, 42 . 0; H, 3.6; 
N, 24.5 . 
N, 24.5%) . 
5-Formamido-4-methyl-6-methylthiopyrimidine 
5-Amino-4-methyl-6-methylthiopyrimidine (Taylor, 
Barton, and Paudler, 1961; 1 . 68 g . ) and 98% formic acid 
(10 ml.) were heated on the steam bath for 5 hr . The 
solution was evaporated to dryness under reduced pressure. 
The residue was crystallized from ethanol to give 
colourless needles of 5-formamido-4-methyl-6-
methylthiopyrimidine (0.95 g . ), m.p. 167 . 5-169° (Found: 
C, 46 . 0; H, 5 . 0; N, 22 . 7 . c7H9N30S requires 
C, 45.9; H, 4 . 95; N, 22.9 %). 
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The 5-formamido-6-methylthiopyrimidine (0.85 g . ), 
hydrazine hydrate (0.35 g.), and ethanol (7 ml.) were 
heated in a sealed tube at 135° for 6 hr. Paper 
chromatography showed that the main product was 
5-amino-4-methyl-6-methylthiopyrimidine, along with a 
little 5-amino-4-hydrazino-6-methylpyrimidine and some 
decomposition products. 
5-Acetamido-4-methyl-6-methylthiopyrimidine 
5-Amino-4-methyl-6-methylthiopyrimidine (0.50 g.), 
sodium acetate (1 . 0 g . ), and acetyl chloride (50 ml.) 
were heated under reflux for 45 min. The filtered 
solution was evaporated to dryness under reduced 
pressure and the residue was dissolved in water, 
adjusted to pH 8, and evaporated to dryness under 
reduced pressure . The acetone extract ( 50 ml.) of the 
residue, on evaporation, gave 5-acetamido-4-methyl-6-
methylthiopyrimidine (0.60 g.), m.p. 163-164° (from 
acetone)(Found: C, 48.6; H, 6.0; N, 21 . 6. 
C8H11 N30S requires C, 48.7; H, 5 . 6; N, 21.3%). 
This 5-acetamido-6-methylthiopyri midine (0.05 g.), on 
heating with hydrazine hydrate at 100° gave 5-amino-4-
hydrazino-6- methylpyrimidine (0.02 g.), along with a 
little 5-amino-4- methyl -6- methylthiopyrimidine and 
decomposition products. 
9-a-Ethoxyethyl ideneamino-6,8-dimethylpurine 
5-Amino-4-h ydrazino-6-methylpyrimidine (0.30 g . ) 
and triethyl orthoacetate (8 ml.) were boiled under 
reflux for 45 min ~ The solution was treated with 
charcoal and filtered. The filtrate was diluted with 
ethanol (5 ml.) and cooled to give colourless needles 
of 9-a-ethoxyethylideneamino-6,8-di methylpurine 
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(0.27 g . ), m. p . 188-190° (from ethanol)(Found: C, 56 . 8; 
H, 6 . 7; N, 30.4 . c11 H15 N5o requires C, 56.6; 
H, 6 . 5; N, 30 . 0%) 
4-2'-Acetylhydrazino-2-chloro-6-methyl-5-ni tropyrimidine 
Acetylhydrazine (Schafer and Schwan, 1895; 8 . 0 g . ) in 
ethanol (100 ml . ) was added during 20 min . to a 
vigorously stirred solution of 2,4-dichloro-6-methyl-5-
nitropyrimidine (Albert, Brown, and Wood, 1954; 20 . 8 g . ) 
in ethanol (100 ml . ) at -5° . At the same time, a 
slurry of sodium hydrogen carbonate (10 g . ) and water 
(30 ml.) was added portionwise to maintain the mixture 
at pH 5-6. After stirring for 1 . 5 hr., the solid was 
collected by filtration and washed with ethanol . The 
filtrate and washings were concentrated under reduced 
pressure to give a second crop. The yield of 
4-2'-acetyl hydrazino-2-chloro-6-methyl-5-nitropyrimidine, 
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m.p. 201° (from acetone), was 94% (cf. Polya and Shanks, 
1964: m.p . 201° and 46% yield)(Found: C, 34.3; H, 3 . 5; 
N, 28.7. Calcd for c 7H8ClN 5o3 : C, 34.2; H, 3 . 25; 
N, 28.5%). 
1,2-Dihydro-3,5-dimethyl-l,2,4,6,8-penta-azanaphthalene 
dihydrochloride 
4-2'-Acetylhydrazino-2-chloro-6-methyl-5-
nitropyrimidine (5 . 0 g.) was hydrogenated in methanol 
(400 ml.) over palladium-on-carbon (10%; 1 . 2 g . ) at 20° 
and 760 mm . for 19 hr.; during this time hydrogen 
(1990 ml . ) was absorbed (theory for 4 mol. hydrogen 1s 
1950 ml . ). Concentration of the filtered solution to 
ca 20 ml . under reduced pressure gave the corresponding 
dechlorinated aminopyrimidine (2.6 g.) of which a sample 
underwent partial cyclization during recrystallization. 
The crude aminopyrimidine (2 . 4 g.) and methanol (100 ml.) 
containing ca 0.5% hydrogen chloride were heated under 
reflux for 1 hr . Concentration of the solution gave 
orange crystals of the l,2-dihydro-3,5-dimethylpenta-
azanaphthalene di hydrochloride (83%), m. p. 252-253° 
(decomp .)(from methanolic hydrogen chloride)(Found: 
C, 33.5; H, 5 . 5; N, 27 . 2 . c 7H11 cl 2N5 . H20 requires 
C, 33 . 1; H, 5 . 2; N, 27.5%). 
The unstable base, liberated by addition of sodium 
hydrogen carbonate to a methanolic suspension of the 
above salt, was isolated by evaporation of the filtered 
solution under reduced pressure, but it could not be 
purified satisfactorily. 
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Oxidation of 1,2-dihydro-3,5-dimethyloenta-azanaphthalene 
The above unstable free base was oxidized by silver 
oxide in tetrahydrofuran as was the 3-methyl analogue. 
The red filtrate, of a characteristic u.v . spectrum 
after dilution with cyclohexane (Table I), was 
evaporated to dryness under reduced pressure to give a 
red residue, which decomposed before sublimation. 
4-Hydrazino-2-methoxy-5-nitropyrimidine 
2,4-Dimethoxy-5-nitropyrimidine (Brown, 1957; 
13.0 g.) and hydrazine hydrate (3 . 7 g . ) were heated under 
reflux 1n ethanol (800 ml . ) for 4 hr. The solution was 
cooled to room temperature and filtered. The filtrate 
was evaporated to ca 50 ml . under reduced pressure . 
Refrigeration gave orange 4-hydrazino-2-methoxy-5-
nitropyrimidine (10.8 g.), m. p. 135-136° (from methanol) 
(Found: C, 32.4; H, 4.05; N, 37 . 8. C5H7N5o3 
requires C, 32 . 4; H, 3 . 8; N, 37.8 %). 
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2-Methoxy-5-nitropyrimidine 
4-Hydrazino-2-methoxy-5-nitropyrimidine (4.0 g.), 
silver oxide (12 g.), and methanol (300 ml.) were heated 
under reflux with stirring for 20 hr. The mixture was 
filtered and the filtrate was evaporated to dryness 
under reduced pressure. Sublimation of the residue 
at 65°/0 .5 mm. gave 2-methoxy-5-nitropyrimidine (52%), 
identified with an authentic sample (Brown and Foster, 
1966) by mixed m. p . (69-70°) and i .r . spectra . 
4-Ethoxymethylenehydrazino-2-methoxy-5-nitropyr imidine 
4-Hydrazino-2-methoxy-5-nitropyrimidine (4 . 0 g.) and 
triethyl orthoformate (40 ml.) were heated under reflux 
in ethanol (50 ml . ) for 1 hr . Refrigeration gave yellow 
4-ethoxymethylenehydrazino-2-methoxy-5-n itropyrimidine 
(4.6 g . ), m. p o 151-152° (from ethanol)(Found: C, 39.5; 
H, 4.55; N, 28.9 . c8H11 N5o4 requires C, 39 . 8; 
H, 4.6; N, 29 . 0%) . 
7-Methoxy-1,2,4,6,8-penta-azanaphtha lene 
4-Ethoxymethylenehydrazino-2- methoxy-5-
nitropyrimid ine (1.0 g . ) was hydrogenated in anhydrous 
tetrahydrofuran (200 ml . ) over palladium-on-carbon 
(10%; 0 . 5 g . ) at 20° and 760 mm. for 8 hr . The mixture 
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was stirred at 25° with barium oxide (16 hr.) for 15 hr . 
Then silver oxide (6 g.) was added and stirring was 
continued for 3 hr. The solids were filtered off and 
the filtrate was evaporated to dryness under reduced 
pressure. The~residue sublimed at 60°/0.1 mm . to give 
the red 7-methoxypenta-azanaphthalene (0.35 g . ), 
m.p. 110° (decomp.)(Found: C, 44.2; H, 3 . 3; N, 42 . 9. 
c6H5N50 requires C, 44 . 2; H, 3.1; N, 42.9%). 
4-a-Ethoxyethylidenehydrazino-2-methoxy-5-nitropyrimidine 
4-Hydrazino-2-methoxy-5-nitropyrimidine (5 . 0 g . ) 
and triethyl orthoacetate (30 ml.) were heated under 
reflux in ethanol (80 ml . ) for 1 hr. The solution 
was evaporated under reduced pressure and the residue 
crystallized from ether to give orange-yellow 
4-a-ethoxyethylidenehydrazino-2-methoxy-5-nitropyrimidine 
(5.3 g.), m. p . 102.5-104° (from ether)(Found: C, 41 . 6; 
H, 5 . 0; N, 27 . 55 c9H13 N5o4 requires C, 42 . 35; 
H, 5.1; N, 27 . 4%) . 
7-Methoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
4-a-Ethoxyethylidenehydrazino-2-methoxy-5-
nitropyrimidine (1.5 g.) was hydrogenated in anhydrous 
tetrahydrofuran (400 ml . ) over palladium-on-carbon 
(10%; 0.5 g.) at 20° and 760 mm. for 7 . 5 hr. The 
mixture was stirred with barium oxide (15 g . ) at 25° 
for 10 hr. Then silver oxide (8 g.) was added and 
stirring was continued for 4.5 hr. The solids were 
filtered off and the filtrate was evaporated to dryness 
under reduced pressure. Sublimation (70°/0.1 mm . ) of 
the residue gave the red 7-methoxy-3-methylpenta-
azanaphthalene (0.15 g.), m.p. 149-150° (decamp.) 
(Found: C, 47.3; H, 4 . 2; N, 38 . 9. c7H7N50 requires 
C, 47.45; H, 4 . 0; N, 39.5%). 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
2,4-Dimethoxy-6-methyl-5-nitropyrimidine (Backer 
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and Grevenstuk, 1945; 25 g.), hydrazine hydrate (7.0 g.), 
and ethanol (800 ml.) were boiled under reflux for 2 hr . 
After treatment with charcoal, the filtered solution was 
concentrated to ca 300 ml. and chilled . Yellow 
2,4-dihydrazino-6-methyl-5-nitropyrimidine (1 . 0 g.), 
m.p. 198° (decomp.)(from methanol)(Found: C, 30 . 0; 
H, 4 . 6; N, 48 . 6. c5H9N7o2 requires C, 30 . 15; 
H, 4.55; N, 49.2%), was filtered off. Evaporation 
of the filtrate under reduced pressure to ca 30 ml. 
gave 4-hydrazino-2-methoxy-5-nitropyrimidine (13 g . ), 
m.p. 136-138° (from methanol)(Found: C, 35.8; H, 4 . 4; 
N, 35.3. 
N, 35.2%) . 
4-Ethoxymethylenehydrazino-2-methoxy-6-methyl-5-
nitropyrimidine 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
(6. 5 g.), tri ethyl orthoformate (65 ml . ), and ethanol 
( 200 ml . ) were boiled under reflux for 1. 5 hr. After 
treatment with charcoal, the filtered solution was 
evaporated to dryness under reduced pressure o The 
residue crystallized from acetone as yellow needles of 
4-ethoxymethylenehydrazino-2-methoxy-6-methyl-5-
nitropyrimidine (7 . 3 g . ), m. p . 124-125° (Found: 
C, 42.0; H, 5.3; N, 26.9 . c9H13 N5o4 requires 
C, 42 . 35; H, 5 . 1; N, 27.4%) . 
7-Methoxy-5-methyl-1,2,4,6,8-penta-azanaphtha lene 
4-Ethoxymethylenehydrazino-2-methoxy -6-methyl-5-
nitropyrimidine (5 . 3 g . ) was hydrogenated over 
palladium-on-carbon (10%; 1 . 0 g . ) in methanol (300 ml . ) 
0 at 20 and 760 mm . for 2.5 hr. The filtered solution 
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was concentrated to ca 15 ml . under reduced pressure and 
cooled to give crude 1,2-dihydro-7-methoxy-5-methylpenta-
azanaphthalene (2 . 6 g . ). This material (0.5 g . ) was 
-stirred with silver oxide (3.0 g.) and barium oxide 
(3.0 g.) in anhydrous tetrahydrofuran (150 ml.) at 20° 
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for 2 hr. The residue from evaporation of the filtered 
solution sublimed at 60°/0.l mm. to give the red crystals 
of the 7-methoxy-5-methylpenta-azanaphthalene (0 . 33 g.), 
m.p . 140° (decomp.)(Found: C, 47 . 85; H, 4.0; N, 40.4. 
c7H7N50 requires C, 47 . 45; H, 4.0; N, 39.55%). 
4-a-Ethoxyethylidenehydrazino-2-methoxy-6-methyl-5-
nitropyrimidine 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyr imidine 
( 10 g.), tri ethyl orthoaceta te ( 100 ml.), and ethanol 
(100 ml.) were stirred at 65° for 30 min. The 
solution was treated with charcoal and the filtered 
solution was evaporated under reduced pressure to an 
oily residue, which was dissolved in ether (50 ml . ) . 
Dilution with light petroleum (b . p . 40-60°; 30 ml.) 
and refrigeration gave yellow needles of 
4-a-ethoxyethylidenehydrazino-2-methoxy-6-methy l-5-
nitropyrimidine (12.0 g . ), m. p . 108-109° (from ether) 
(Found: C, 44.8; H, 5.8; N, 26 . 1. c10 H15 N5o4 
requires C, 44.6; H, 5.6; N, 26.0%) . 
.._ 
7-Methoxy-3,5-dimethyl-1,2,4,6,8-penta-azanaphthalene 
4-a-Ethoxyethylidenehydrazino-2-methoxy-6- methyl-
5-nitropyrimidine (1.0 g . ) was hydrogenated over 
palladium-on-carbon (10%; 0.3 g . ) in anhydrous 
tetrahydrofuran (100 ml.) at 20° and 760 mm . during 
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20 hr . Barium oxide (7.0 g . ) and silver oxide (5.0 g.) 
were added and the mixture was stirred at 25° for 
30 min. The mixture was filtered and the filtrate was 
evaporated to dryness under reduced pressure . 
Sublimation of the residue (70°/0.1 mm.) gave the red 
7-methoxy-3,5-dimethylpenta-azanaphthalene (0.31 g.), 
m.p. 99-100° (Found: C, 50.3; H, 4.8; N, 36.9. 
c8H9N50 requires C, 50.25; H, 4.7; N, 36.6%). 
4-Methoxy-6-methyl-7-nitro-1,2,3a,5-tetra-azaindene 
A suspension of 4-hydrazino-2-methoxy-6-methyl-5-
nitropyrimidine (8.0 g.) in triethyl orthoformate 
(100 ml.) was boiled under reflux for 20 min. After 
treatment with charcoal, the filtered solution was 
evaporated to dryness under reduced pressure. The 
residue was recrystallized from methanol to give the 
colourless 4-methoxy-6-methyl-7-nitrotetra-azaindene 
(4.4 g . ), m.p. 113° (after sublimation at 90°/0 . 2 mm.) 
(Found: C, 40 . 0; H, 3.3; N, 33.2. c7H7N5o3 
requires C, 40 .2 ; H, 3 . 4; N, 33 . 5%) . 
-7-Amino-4-methoxy-6-methyl-1,2,3a,5-tetra-aza indene 
The 7-nitrotetra-azaindene (0 . 5 g .) was hydrogenated 
over platinum oxide (0 . 05 g.) in methanol (100 ml . ) at 
20° and 760 mm . for 20 min . The filtered solution was 
concentrated to ca 5 ml . and cooled to give the 
colourless 7-amino-4-methoxy-6-methyltetra-azaindene 
(0.25 g . ), m. p . 197-199° (from ethanol)(Found: 
C, 47.1; H, 5 . 0; N, 39 . 0. c7H9N50 requires 
C, 46 . 9; H, 5.1; N, 39.1%) . 
4-Hydrazino-6-methyl-5-nitropyrimidine-2-one 
(~) A solution of 4-hydrazino-2-methoxy-6-methyl-
5-nitropyrimidine (0 . 50 g . ) in 2 . 5~-hydrochloric acid 
(20 ml.) was kept at 20° for 48 hr . and then evaporated 
to dryness under reduced pressure . The residual 
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hydrochloride was recrystallized from dilute aqueous 
sodium bicarbonate (pH 6) to give 4-hydrazino-6-methyl-
5-nitropyrimidine-2-one (0 . 4 g.), m.p . 228-229° 
(decomp . )(from water)(Found: C, 32 . 3; H, 3 . 7; N, 37 . 9 . 
c7H7N5o3 requires C, 32 . 4; H, 3 . 8; N, 37 "8%). 
Hydrolys is of the same substrate in boiling 
5~-hydrochlo ric acid gave 6-methyl-5-nitrouraci l 
(Albert, Brown, and Wood, 1954) identified by mixed 
m. p. (ca 290°, decamp . ) and i . r . spectra . 
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(~) 4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
(5.0 g.), sodium iodide (4.0 g.), and acetic acid 
(70 ml.) were boiled under reflux for 30 min. The 
solution was evaporated to dryness under reduced pressure 
and the residue was triturated with boiling methanol 
(50 ml.). The whole mixture was allowed to cool and 
the solid hydriodide was collected. Recrystallization 
from aqueous sodium hydrogen carbonate gave the same 
pyrimidine-2-one (3.0 g . )(Found: C, 32.45; H, 3.8; 
N, 37.35 . 
N, 37.8%), identified with the material described in (~) 
by mixed m.p. (228°, decamp.) and i.r . spectra . 
6-Methyl-7-nitro-l,2,3a,5-tetra-azaindene-4-one 
(~) 4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
(4.0 g.), sodium iodide (1.0 g . ), and 98% formic acid 
(40 ml . ) were boiled under reflux for 2.5 hr . After 
cooling, the solid was collected and recrystallized 
from water to give the 6-methyl-7-nitrotetra-azaindene-
4-one (2.9 g.), m. p. t 300° (Found: C, 36 . 95; H, 2.6; 
N, 36.0 . 
N, 35.9%). 
(~) 4-Hydrazino-6-methyl-5-nitropyrimidine-2-one 
(0.5 g . ) was boiled under reflux with triethyl 
orthoformate (20 ml . ) and methanol (200 ml . ) for 3 hr . 
The crystalline product (0 . 48 g . ), filtered off from 
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the hot mixture, was washed with methanol and identified 
with the product · in (~) by i.r . and u.v . spectra . 
(~) The same pyrimidine-2-one (0.85 g.) and acetic 
formic anhydride (25 ml.) were stirred at 25° for 6 hr. 
The solid was collected and washed with ethanol. It 
was dissolved in aqueous methanol and adjusted to pH 7. 
Concentration of the solution to ca 10 ml . gave a 
hydrated sodium salt (1.0 g . ) which, recrystallized 
from methanol, had m. p . 284° (decomp . )(Found: C, 30.8; 
H, 2.4; N, 30 . 0 . C5H4N5o3Na .H 20 requires C, 30.65; 
H, 2.6; N, 29.8%). It was converted by acidification 
to the free tetra-azaindene described in (~). 
(~) 4-Methoxy-6-methyl-7-nitrotetra-azaindene 
(0.45 g.), 2~-hydrochloric acid (100 ml.), and methanol 
( 100 ml.) were stirred at 25° for 3 days. The 
crystalline precipitate (0.17 g . ) was identified with 
the tetra-azaindene described in (~). 
7-Amino-6-methyl-1,2,3a,5-tetra-aza indene-4-one 
A suspension of the 6-methyl-7-nitrotetra-azaindene-
4-one (0.85 g . ) in methanol (500 ml.) was hydrogenated 
over Raney nickel at 20° and 760 mm . for 6 hr . The 
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mixture was filtered and the solids were washed with 
hot water (100 ml ) . The combined filtrate and washings 
were evaporated to dryness under reduced pressure . 
Crystallization of the residue from water gave the 
7-amino-6-methyltetra-azaindene-4-one (0 . 48 g . ), 
m.p . 284-286° (decomp . )(Found: C, 43 . 6; H, 4 . 3; 
N, 42.3 . c6H7N50 requires C, 43 . 6; H, 4.3; N, 42 . 4%) . 
3,6-Dimethyl-7-n i tro-1,2,3a,5-tetra-azaindene-4-one 
4-Hydrazino-6-methyl-5-nitropyr imidine-2-one (1 . 3 g . ), 
triethyl orthoacetate (5 ml.), and ethanol (50 ml . ) were 
stirred at 25° for 1 hr . The mixture was evaporated 
to dryness under reduced pressure o The residue was 
triturated with ethanol (10 ml . ) and allowed to stand 
in the refrigerator . The 3,6-di methyl-7-nitrotetra-
azaindene-4-one (1 . 1 g . ) had m. p . 238-239° (decamp ") 
after recrystallization from ethanol (Found: C, 40 . 25; 
H, 3.6; N, 33 . 1 . 
H, 3 . 4; N, 33 . 5%) . 
2-Chloro-4-2 1 -formylhydrazino- and 2,4-bis(2'-
formylhydrazino)-5-nitropyrim idine 
Formylhyd razine (Schafer and Schwan, 1895; 6 . 6 g . ) 
1n ethanol (100 ml . ) was added dropwise during 80 min . 
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to a vig orously stirred solution of 2,4-dichloro-5-
ni t rop y r imi dine (Brown, 1952; 20.0 g.) in ether (50 ml.) 
and e t hano l (50 ml.) maintained at -5°, f ol lowed by 
sodiu m hyd r ogen carbonate (9.0 g.) in water (100 ml . ) 
during 1 hr. After 2 hr . the yellow hygroscopic 
solid, 2,4-b i s (2'-formylhydrazino)-5-nitropyrimidine 
(1.5 g . ), m. p . 209.5-210.5° (decomp . )(from methanol) 
(Found: C, 29.2; H, 2 . 95; N, 39 . 6 . C6H7N7o4 . 0 . 3H 20 
requires C, 29 . 2; H, 3.1; N, 39 . 8%), was filtered 
off . The filtrate was evaporated to dryness under 
red uced pr essure and the residue was extracted with 
acetone (400 ml . ) . The extract, on concentration to 
ca 50 ml . an d refrigeration, gave yellow crystalline 
2-chloro-4-2 '-formylhydrazino-5-nitropyrimidine 
(14 . 0 g . ), m. p . 130-131° (decomp . )(from tetrahydrofuran-
light pe trol e um) and m/e 217 (Found: C, 27 . 45; H, 2 . 0; 
N, 31 . 8 . 
N, 32. 2% ) . 
4-2'-Ace t y lhydrazino-2-chloro- and 2,4-bis(2'-
acetylhyd razino)-5-nitropyrimidine 
To a vigorously stirred solution of 2,4-dichloro-
5-nitropyrimidine (Brown, 1952; 25 . 0 g . ) in 95 % ethanol 
(250 ml . ), solid acetylhydrazine (Schafer and Schwan,1895; 
10 g.) was added in small portions durinq 15 min. at 
-5°, followed by sodium hydrogen carbonate (11 g . ) 1n 
water (100 ml . ) during 30 min . The mixture was 
evaporated to dryness under reduced pressure and the 
residue was extracted with acetone (2 x 300 ml.). 
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The acetone-insoluble material was recrystallized from 
methanol to give yellow needles of 2,4-bis(2'-
acetylhydrazino)-5-nitropyrimidine (1 . 2 g . ), m.p . 266-267° 
(decomp . )(Found: C, 35 . 0; H, 4 . 4; N, 35 . 8 . 
c8H11 N7o4 .\H 20 requires C, 35.1; H, 4 . 2; N, 35 . 8%) . 
The acetone extracts were concentrated to ca 40 ml . and 
cooled to give yellow needles of 4-2'-acetylhydrazino-
2-chloro-5-nitropyrimidine (19 . 6 g.), m. p . 134 . 5-135 . 5° 
(decomp . )(from tetrahydrofuran-light petroleum) and m/e 
231 (Found: N, 30 . 5 . Calcd for C6H6ClN 503 : N, 30 . 2%) 
(£!:.. Polya and Shanks, 1964: m.p . 137°) . 
4-Hydrazino-5-nitropyrimidine-2 -one 
4-Hydrazino-2-methoxy-5-nitropy rimidine (14.0 g . ) 
and 2~-hydrochloric acid (100 ml . ) w~re allowed to stand 
0 at 25 for 2 days . The solution was evaporated to 
dryness under reduced pressure and the residue was 
tri tu rated with methanol ( 50 ml . ) to give a crude 
hydrochloride (13 g.) . A hot aqueous solution of part 
of this material was adjusted to pH 5 and allo wed 
to cool . 4-Hydrazino-5-nitropyrimidine-2-one had 
m.p . 208-209° (decomp . )(Found: C, 28 . 0; H, 3 . 2 . 
c4H5N5o3 requires C, 28.1; H, 2.95%) . 
7-Nitro-l,2,3a,5-tetra-azaindene-4-one 
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(~) The above pyrimidine hydrochloride (1 . 0 g.), 
triethyl orthoformate (5 ml.), and methanol (25 ml . ), 
were stirred at 25° for 3 hr . The deposited solid 
was washed with ethanol and recrystallized from water 
to give the 7-nitrotetra-azaindene-4-one (0 . 75 g . ), 
m.p. 300° (Found: C, 32 . 9; H, 1 . 6; N, 38.3 . 
c5H3N5o3 requires C, 33.2; H, 1 . 7; N, 38.7%) . 
(~) The same pyrimidine hydrochloride (1 . 0 g . ), 
anhydrous sodium acetate (1 . 0 g . ), and acetic formic 
anhydride (25 ml.) were stirred at 25° for 6 hr. 
The residue from evaporation at 30° under reduced 
pressure was dissolved in water (100 ml . ), adjusted 
to pH 7, and then concentrated to ca 10 ml . under 
reduced pressure . Refrigeration gave a sodium salt 
(0 85 g . ), m. p t 300° (from methanol)(Found: 
C, 29.3; H, 1 . 0; N, 34 . 4 . 
C, 29.6; H, 1 . 0; N, 34 . 5%), which on acidification 
gave a free tetra-azaindene identical with that i n (~) . 
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(£) 2-Chloro-4-2'-formylhydrazino-5-nitropyrimidine 
(3.5 g.), sodium acetate (2.4 q.), and 98 % formic acid 
(35 ml.) were heated under reflux for 5 hr . Subsequent 
treatment as in (t) gave the same sodium salt (1.1 g.). 
7-Amino-1,2,3a,5-tetra-azaindene-4-one 
The 7-nitrotetra-azaindene-4-one (0.55 g.) was 
hydrogenated at 20° and 760 mm. over palladium-on-carbon 
(10%; 0.2 g.) in methanol (100 ml.) containing sodium 
acetate (0.2 g.). Evaporation of the filtered solution 
and recrystallization of the residue from water (ca 1 ml.) 
gave the 7-aminotetra-azaindene-4-one (0.16 g.), m.p . 
f 300° (from methanol)(Found: C, 40.0; H, 3.25; 
N, 47.1. C5H5N50 requires C, 39.7; H, 3.3; N, 46.3%). 
3-Methyl-7-nitro-l,2,3a,5-tetra-azaindene-4-one 
(~) A mixture of the above 4-hydrazino-5-
nitropyrimidine-2-one hydrochloride (1 . 5 g.), triethyl 
orthoacetate (5 ml.), and methanol (25 ml.) were stirred 
at 25° for 30 min . Refrigeration and filtration gave 
colourless needles of the 3-methyl-7-nitrotetra-
azaindene-4-one (1.15 g.), m.p. 286° (decomp . )(from 
water)(Found: C, 36 . 9; H, 2.75; N, 35 . 5. 
C6H5N5o3 requires C, 36 . 9; H, 2.6; N, 35 . 9%). 
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(~) 4-2'-Acetylhydrazino-2-chloro-5-nitropyrimidine 
(Polya and Shanks, 1964; 5.0 g.), sodium acetate (3.5 g.), 
and 50% aqueous acetic acid (100 ml.) were boiled under 
reflux for 1 hr. The residue from evaporation under 
reduced pressure was dissolved in water and adjusted to 
pH 7. Concentration to ca 15 ml. and refrigeration gave 
a sodium salt monohydrate (2.8 g.), m.p. f 300° (from 
methanol)(Found: C, 30.7; H, 2.55; N, 30.0. 
C6H4N503Na.H 20 requires C, 30.65; H, 2.6; N, 29.8%), 
which on acidification gave a free tetra-azaindene 
identical with that in (~). 
2,4-Bismethylthio-5-nitropyrimidine 
A solution of sodium methylmercaptide, made by passing 
an excess of methanethiol into methanolic IM-sodium 
methoxide (40 ml.), was added in drops during 10 min . to 
a stirred solution of 2,4-dichloro-5-nitropyrimidine 
(Brown, 1952; 3.9 g.) in methanol (100 ml.) at o0 • 
Stirring was continued for 2 hr. Then the solution was 
adjusted to pH 6 and evaporated to dryness under reduced 
pressure. The residue was triturated with water (50 ml . ) 
and the solid recrystallized from methanol to give the 
bismethylthio-5-nitropyrimidine (3.5 g . ), m. p . 129-130° 
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(Found: C, 33.2; H, 3.3; N, 19 . 4. C6H7N302S2 
requires C, 33 . 2; H, 3.25; N, 19.3%). 
4-Methyl-2,6-bismethylthio-5-nitropyrimidine 
Treatment of 2,4-dichloro-6-methyl-5-nit ropyrimidine 
(Albert, Brown, and Wood, 1954) as above gave 
4-methyl-2,6-bismethylthio-5-nitropyrimidine (81%), 
m.p. 88-89° (from methanol)(Found: C, 36 . 0; H, 3 9; 
N, 17.9. c7H9N302S2 requires C, 36 . 35; H, 3 . 9; 
N, 18.2%) . 
4-Hydrazino-2-methylthio-5-nitropyrimidine 
2,4-Bismethylthio-5-nitropyrimidine (1 . 75 g . ), 
hydrazine hydrate (0 . 5 g . ), and methanol (150 ml.) were 
heated under reflux for 40 min . The solution was 
concentrated under reduced pressure to ca 30 ml. and 
chilled. Recrystallization of the solid from methanol 
gave red 4-hydrazino-2- methylthio-5-nitropyrimidine 
(1.3 g . ), m. p . 198° (Found: C, 29 , 6; H, 3.7; N, 35 . 3 . 
C5H7N502S requires C, 29 . 85; H, 3 . 5; N, 34 . 8%). 
4-Ethoxymethylenehydrazino-2- methylthio-5-nitropyrimidine 
4-Hydrazino-2- methylthio-5-nitropyrimidine (1.0 g . ), 
triethyl orthoformate (5 ml . ), and me thanol (25 ml.) 
were heated under reflux for 90 min . The solution was 
concentrated under reduced pressure to ca 3 ml . and 
diluted first with acetone (12 ml o) and then with ether 
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(12 ml.). Refri ·geration gave a solid which recrystall-
ized from ethanol to give orange needles of the 
4-ethoxymethylenehydrazinopyrimidine (0 . 3 g . ), m. p . 
163-165° (Found: C, 37.4; H, 4 . 4; N, 27 . 35 . 
C8H11 N503S requires C, 37 . 3; H, 4 . 3; N, 27.2%) . 
2,4-Dibenzyloxy-6-methyl-5-nitropyrimidine 
A solution of sodium benzyloxide, from sodium 
(4.6 g.) and benzyl alcohol (70 ml . ),was added in drops 
to a stirred solution of 2,4-dichloro-6-methyl-5-
nitropyrimidine (Albert, Brown, and Wood, 1954; 20 . 8 g . ) 
in dioxane (200 ml.) maintained at 5-10°. The mixture 
was stirred at 25° for 1 hr . and then under reflux for 
1 hr. It was filtered immediately and evaporated 
under reduced pressure . The residual material was 
triturated with ice-cold water (50 ml . ) and the sol i d 
recrystallized from ether to give 2 , 4-d i benzylo xy-6 -
methyl-5-nitropyrimidine (14 g . ), m. p . 85° (Found: 
C, 64 . 7; H, 4.9; N, 12 . 0 . c19H17 N3o4 r equ i res 
C, 64.95; H, 4 . 9; N, 12 . 0%). 
2-Benzyloxy-4-hydrazino-6-methyl-5-nitropyrimidine 
The above 2,4-dibenzyloxypyrimidine (10 g.), 
hydrazine hydrate (1.8 g . ), and methanol (300 ml . ) were 
heated under reflux for 4 hr. The filtered solution, 
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on concentration to ca 50 ml., deposited 2-benzyloxy-4-
hydrazino-6-methyl-5-nitropyrimidine which recrystallized 
from ethanol to give yellow crystals (5 g . ), m.p. 
131-132° (Found: C, 52.4; H, 4 . 7; N, 25.6. 
c 12 H13 N5o3 requires C, 52.4; H, 4.8; N, 25.45%). 
2-Benzyloxy-4-a-ethoxyethylidenehydrazino-6-methyl-
5-nitropyrimidine 
The above 4-hydrazinopyrimidine (2.5 g.), triethyl 
orthoacetate (10 ml.), and ethanol (20 ml.) were heated 
under reflux for 30 min . Evaporation to dryness under 
reduced pressure and recrystallization from ether gave 
yellow 2-benzyloxy-4-a-ethoxyethylidenehydrazino-6-
methyl-5-nitropyrimidine (2.2 g . ), m. p . 126-127° 
(Found: C, 55.45; H, 5.6; N, 20 . 4 . cl6H19N504 
requires C, 55 . 6; H, 5.55; N, 20 . 3%). 
4-2'-Formylhydrazino-5-nitropyrimidine-6-one 
4-Chloro-5-nitropyrimidine-6-one (Temple, McKee, 
and Montgomery, 1965; 8.1 g . ), formylhydrazine (Schafer 
and Schwan, 1895; 3.6 g.), and methanol (120 ml.) were 
stirred at 25-30° for 10 min. Triethylamine (4 . 8 g . ) 
in methanol (60 ml . ) was added to the resulting mixture 
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with vigorous stirring during 20 min . Filtration of the 
mixture gave 4-2'-formylhydrazino-5-nitropyrimidine-6-one 
(6.9 g.), m.p. 241-242° (decomp.)(from methanol)(£f.. 
0 Temple, Kussner, and Montgomery, 1969a: m. p. 263-265 , 
decomp.)(Found: C, 29 . 8; H, 2 . 6; N, 34.9. 
C5H5N5o4 : C, 30.2; H, 2 . 5; N, 35 . 2%) . 
5-Amino-4-2'-formylhydrazinopyrimidine-6-one 
Calcd for 
A suspension of 4-2'-formylhydrazino-5-nitropyrimidine-
6-one (5.0 g.) and sodium acetate (1 . 0 g.) in 50% aqueous 
methanol (800 ml.) was hydrogenated over palladium-on-
carbon (10%; 0 . 5 g . ) at 20° and 760 mm . during 20 min . 
The filtered solution was concentrated to ca 15 ml. 
under reduced pressure. Refrigeration gave 5-amino-
4-2'-formylhydrazinopyrimidine-6-one (2 . 1 g . ), m. p . 225° 
(from methanol)(Found: C, 35 . 5; H, 4 . 0; N, 39 . 6. 
C5H7N5o2 requires C, 35 . 5; H, 4.2; N, 41 . 4%) . 
1,2,4,6,8-Penta-azanaphthalene-5-one 
(~) 5-Amino-4-2'-formylhydrazinopyrimidine-6-one 
(2 . 0 g.) was heated under reflux for 1 hr. in methanol 
L 
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(500 ml.) to which saturated methanolic hydrogen chloride 
(2.0 ml.) had been added . After treatment with charcoal, 
the filtered solution was evaporated to dryness under 
reduced pressure . The residue was extracted with 
boiling acetone (2 x 500 ml.). Concentration of the 
extracts gave the penta-azanaphthalene-5-one (0.5 g.), 
m.p. 242-243.5° (decomp.)(from methanol)(£f.. Temple, 
Kussner, and Montgomery, 1969: m.p. 256° decamp.) 
(Found: C, 40.2; H, 2.1. Calcd for c5H3N50: 
C, 40.3; H, 2.0%). 
In some batches with shorter refluxing time, the 
main product was 1,2-dihydro-1,2,4,6,8-penta-
azanaphthalene-5-one hydrochloride, m.p. { 300° (from 
methanol)(Found: C, 29.8; H, 4.7; N, 34.6. 
C5H5N50.HC1 .3/4H 20 requires C, 29.9; H, 3.8; 
N, 34.85%). 
(~) Silver oxide (4.0 g . ) was added to a suspension 
of 5-chloro-1,2-dihydro-1,2,4,6,8-penta-azanaph thalene 
hydrochloride (Temple, McKee, and Montgomery, 1963: 
0.9 g.) in methanol (40 ml . ) and water (10 ml.) 
containing triethylamine (0.4 g.). After stirring 
for 15 hr. at 25°, the mixture was filtered and 
evaporated to dryness under reduced pressure. The 
residue was dissolved in ethanol and made slightly 
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acidic with dilute hydrochloric acid. Evaporation under 
reduced pressure and recrystallization of the residue 
from methanol gave the penta-azanaphthalene-5-one 
(0.2 g.), m.p. 242-243° (decomp.)(Found: C, 40.3; 
H, 2.0; N, 47 .3 . Calcd for c5H3N50: C, 40.3; H, 2 . 0; 
N, 47.0%), identified with the product described in 
(~) by i .r. spectra . 
(~) 5-Methoxy-1,2,4,6,8-penta-azanaphthalene (0.18 g.) 
and 0.1~-sodium hydroxide (10 ml.) were stirred at 25° 
for 4 hr. The solution was adjusted to pH 3, treated 
with charcoal, filtered, and concentrated to ca 2 ml. 
Refrigeration gave the penta-azanaphthalene-5-one 
(0.12 g.), identified with the above product described 
1n (~) by mixed m.p. and i .r. spectra. 
4-2'-Acetylhydrazino-5-nitropyrimidine-6-one 
4-Chloro-5-nitropyrimidine-6-one (Temple, McKee, 
and Montgomery, 1965; 3.5 g.), acetylhydrazine 
(Schafer and Schwan, 1895; 1.7 g.) and methanol 
(100 ml.) were stirred at 25-30° for 1.5 hr . 
Triethylamine (2.2 g . ) in methanol (10 ml . ) was added 
to the resulting mixture with stirring during 30 min. 
The solid was filtered off and washed with ethanol. 
The filtrate and washings were concentrated under 
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reduced pressure to ca 50 ml. and cooled to give a 
second crop (total yield 4.7 g.; 80%) . 4-2'-Acetyl-
hydrazino-5-nitropyrimidine-6-one had m.p. 223° (decamp . ) 
(from methanol)(Found: C, 33.4; H, 3 . 6; N, 32.1 . 
C6H7N5o4 .\H 20 requires C, 33.3; H, 3 . 5; N, 32.3%). 
1,2-Dihydro-3-methyl-1,2,4,6,8-penta-azanaphthalene-5-one 
A suspension of 4-2'-acetylhydrazino-5-
nitropyrimidine-6-one (4 . 0 g o) and sodium acetate (1.0 g . ) 
in 50% aqueous methanol (800 ml . ) was hydrogenated over 
palladium-on-carbon (10%; 0.6 g.) at 20° and 760 mm. 
during 20 min. The mixture was filtered and the 
filtrate was concentrated to ca 30 ml . under reduced 
pressure. Refrigeration gave the crude 4-acetyl-
hydrazino-5-aminopyrimidine-6-one (2 . 3 g.), m. p . 
200-201° (decomp . )(from methanol). Further purification 
for analysis was unsuccessful due to decomposition . 
This crude aminopyrimidine (0.30 g.) was heated under 
reflux for 1 hr . in ethanol (50 ml . ) containing ca 
1% hydrogen chloride . After treatment with charcoal, 
the filtered solution was concentrated to ca 10 ml . 
under reduced pressure and cooled to give 1,2-dihydro-
3-methylpenta-azanaphthalene-5-one hydrochloride 
(0.27 g . ), m. p . t 300° (from methanol)(Found: C, 35 . 5; 
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H, 4.0; N, 34.7. c6H7N50.HC1 requires C, 35.7; 
H, 4.0; N, 34.7%). 
3-Methyl-1,2,4,6~8-penta-azanaphthalene-5-one 
(~) The above 1,2-dihydro-3-methylpenta-
azanaphthalene hydrochloride (1.2 g.) in water (250 ml.) 
was adjusted to pH 7 with ammonia. Manganese dioxide 
(10 g.) was added and the mixture was stirred at 25° for 
2 hr. The mixture was filtered and the filtrate was 
evaporated to dryness under reduced pressure . The 
residue was extracted with boiling acetone (400 ml.) 
and evaporation of the extract gave the 3-methylpenta-
azanaphthalene-5-one (0.5 g . ), m.p. 210-212° (from 
tetrahydrofuran)(cf. Temple and Montgomery, 1963: 
m.p. 199° and 213°)(Found: C, 43 . 8; H, 3 . 3; N, 42 . 8. 
Calcd for C6H5N50: C, 44.2; H, 3.1; N, 42 . 9%) . 
(~) Aqueous 0 .2~ -sodium hydroxide (25 ml.) was 
added in drops to a stirred suspension of 5-methoxy-
3-methylpenta-azanaphthalene (0.9 g.) 1n water (100 ml.) 
maintained at 5-10°. After stirring at room temperature 
for 12 hr . , the solution was adjusted to pH 3 with 
hydrochloric acid and evaporated to dryness under 
reduced pressure . The residue was extracted with hot 
acetone (50 ml.) and concentration of the extract gave 
I 
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the same 3-methylpenta-azanaphthalene-5-one (0.68 g . ) as 
described in (~), identified by mixed m.p. and i .r. spectra. 
3-Methyl-5-methylthio-1,2,4,6,8-penta-azanaphthalene 
A solution of sodium methoxide (from 0.3 g. sodium) 
in met~anol (20 ml . ) was saturated with hydrogen sulphide. 
The solution was added in drops with stirring to 
5-methoxy-3-methylpenta-azanaphthalene (0.5 g.) in 
methanol (70 ml.) at o0 • After an hour the solution was 
allowed to remain at room temperature for 12 hr . Then 
an excess of methyl iodide was added to the chilled 
solution and stirring was continued for 24 hr. at 25°. 
The residue from evaporation was dissolved in water 
(20 ml.) and adjusted to pH 7 with sodium hydrogen 
carbonate. Refrigeration gave red needles of the 
5-methylthio-3-methylpenta-azanaphthalene (0.15 g.), 
m.p. 190-191° (from ether)(Found: C, 43.5; H, 3.7; 
N, 36.2. c7H7N5S requires C, 43.5; H, 3 . 7; N, 36.25%). 
5-Amino-3-methyl-1,2,4,6,8-penta-azanaphthalene 
5-Methoxy-3-methylpenta-azanaphthalene (1.0 g . ) and 
0.5~-methanolic ammonia (200 ml . ) were stirred at 25° 
for 16 hr. After treatment with charcoal, the solution 
was evaporated to dryness under reduced pressure . 
-Recrystallization of the residue from methanol and then 
water gave the 5-amino-3-methylpenta-azanaphthalene 
(0.9 g .), m. p. 270° (decomp.)(£:f_ . Temple and Montgomery, 
1963: m.p . 277-280°, decomp.)(Found: C, 44.7; H, 3 . 75; 
N, 52.25 . Calcd for c6H6N6 : C, 44 . 4; H, 3 . 7; 
N, 51 . 8%) . 
5-Dimethylamino-3-methyl-1,2,4,6,8-penta-azanaphthalene 
5-Methoxy-3-methylpenta-azanaphthalene (1.0 g . ) and 
ethanolic dimethyl amine (1 5%; 200 ml.) were stirred at 
25° for 10 hr . The solution was treated with charcoal 
and evaporated to dryness under reduced pressure . 
Recrystallization of the residue from ethanol gave 
orange needles of the 5-dimethylamino-3-methylpenta-
azanaphthalene (1.0 g . ), m. p . 216.5-217 . 5° (decamp . ) 
(Found: C, 50 .5; H, 5 . 2; N, 44 . 2. C8H10 N6 
requires C, 50.5; H, 5 . 3; N, 44 . 2%). 
5-Diethylamino-3-methyl-1,2,4,6,8 -penta-azanaphthalene 
5-Methoxy-3 -methylp en ta-azanaphthalene (0 . 5 g . ), 
diethylamine ( 0 . 52 g . ), and methanol (50 ml . ) were 
stirred at 25° for 13 hr . The solution was evaporated 
to dryness under reduced pressure and recrystallization 
of the residue from ether gave the red 5-diethylamino-
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3-methylpenta-azanaphthalene (0.52 g . ), m.p. 97-99° after 
sublimation at 80°/0.1 mm. (Found: C, 54 . 95; H, 6 . 45; 
N, 38.3. c10 H14 N6 requires C, 55.0; H, 6 .5; N, 38.5%). 
3-Methyl-5-propoxy-1,2,4,6,8-penta-azanaphthalene 
5-Methoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
(0.30 g . ) and silver oxide (1.5 g.) were stirred under 
reflux in boiling propanol (30 ml.) for 7 hr. The 
filtered mixture was evaporated to dryness under reduced 
pressure. Sublimation (100°/0.05 mm . ) of the residue 
and subsequent recrystallization from light petroleum 
(b.p. 60-80°) gave red needles of the 3-methyl-5-
propoxypenta-azanaphthalene (82%), m.p . 45-46° (Found: 
C, 52.7; H, 5 . 6; N , 33.7 . 
C, 52.7; H, 5.4; N, 34 . 1%). 
Silver acetate (1.8 g . ) in boiling propanol for 
2 hr . led to the same product in 80% yield. 
5-Ethoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
5-Methoxy-3-methylpenta-azanaphthalene (0 . 40 g.) and 
silver oxide (1.6 g.) were stirred under reflux in 
boiling ethanol (100 ml . ) for 8 hr . The filtered solution 
was evaporated to dryness under reduced pressure and the 
residue recrystallized from light petroleum (b.p . 60-80°) 
to give red needles of the 5-ethoxy-3-methylpenta-
azanaphthalene (81%), m.p. 118-119° (Found: C, 50 . 7; 
H, 5.2; N, 37 . 1. c8H9N5o requires C, 50 . 25; 
H, 4.7; N, 36.6%). 
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The 5-ethoxy compound (0.22 g.), on similar treatment 
with silver oxide in methanol, reverted into the 
5-methoxy homologue (0.15 g . ), m. p. 168-169° (from 
ether)(Found: C, 47.4; H, 3 . 9; N, 39.3. Calcd for 
C7H7N50: C, 47.45; H, 4 . 0; N, 39.5%). 
Treatment of the 5-methoxy compound with an 
equivalent amount of sodium ethoxide in ethanol at 25° 
gave only 3-methylpenta-azanaphthalene-5-one (90%). 
5-Isopropoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
5-Methoxy-3-methylpenta-azanaphthalene (0.30 g . ) 
and silver oxide (2.0 g . ) were stirred under reflux 
in boiling isopropanol (100 ml.) for 4 days . The 
mixture was filtered and the filtrate was evaporated 
to dryness under reduced pressure . The residue was 
recrystallized from light petroleum (b.p . 60-80°) to 
give red needles of the 5-isopropoxy-3-methylpenta-
azanaphthalene (82%), m. p . 117-119° (Found: C, 52 . 7; 
H, 5.6; N, 34.4 . c9H11 N5o requires C, 52 .7 ; 
H, 5.4; N, 34 . 1%) . 
1 
The methoxypenta-azanaphthalene was recovered (80 %) 
after similar treatment in t-butanol (heated under 
reflux for 4 days). 
5-Ethoxy-3,7-dimethyl-1,2,4,6,8-penta-azanaphthalene 
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5-Methoxy-3,7-dimethyl-1,2,4,6,8-penta-azanaphthalene 
(0 . 11 g.), silver oxide (0.4 g . ), and ethanol (40 ml.) 
were heated under reflux with stirring for 11 hr . The 
filtered solution was evaporated to dryness under reduced 
0 pressure and the residue, on sublimation at 100 /0.5 mm., 
gave the orange 5-etho~y-3,7-dimethylpenta-azanaphthalene 
(0.07 g.), m. p. 148-150° (from light petroleum, b.p . 
60-80°)(Found: C, 52 . 4; H, 5 . 4; N, 33 . 8 . 
requires C, 52 a7; H, 5.4; N, 34 . 1%) . 
5,7-Dimethoxy-1,2,4,6,8-penta-azanap hthalene 
(~) 4-Ethoxymethylenehydrazino-2-methoxy-5-
nitropyrimidine (2.0 g . ) was hydrogenated in methanol 
(150 ml.) over palladium-on-carbon (10%; 0.3 g . ) at 20° 
and 760 mm. during 40 min. The filtered solution was 
stirred with anhydrous sodium sulphate (20 g . ) at 25° 
for 2 hr . Then the mixture was stirred under reflux 
with silver oxide (5 0 g.) for 3 hr . Solids were 
filtered off and the filtrate was evaporated to dryness 
l 
under reduced pressure. Sublimation of the residue at 
120°;0.5 mm. gave the yellow 5,7-dimethoxypenta-
azanaphthalene (64%), m.p. 155-156° (decomp.)(from 
ethanol)(Found: C, 43.2; H, 3.6; N, 36.7. 
c7H7N5o2 requires C, 43.5; H, 3.65; N, 36.3%). 
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(Q) 5,7-Diethoxy-1,2,4,6,8-penta-azanaphthalene 
(described below; 0.20 g.), silver oxide (0.8 g.), and 
methanol (40 ml . ) were stirred under reflux for 14 hr. 
The mixture was filtered and the filtrate was evaporated 
to dryness under reduced pressure . The residue was 
recrystallized from light petroleum (b.p. 60-80°) to 
give the 5,7-dimethoxypenta-azanaphthalene (40%), 
m.p. 156° (decamp.) after sublimation at 120°/0.5 mm. 
(Found: C, 43.7; H, 3.8; N, 36.6. Calcd for 
C7H7N5o2 : C, 43 . 5; H, 3.65; N, 36.3%), identified 
with the above product by mixed m.p. and by i .r. spectra . 
(~) 7-Chloro-1,2-dihydro-1,2,4,6,8-penta-
azanaphthalene (described below; 0.50 g.), silver oxide 
(4.0 g.), and anhydrous methanol (50 ml.) were heated 
under reflux with stirring for 18 hr. The filtered 
solution was concentrated to ca 5 ml. and cooled to 
give the 5,7-dimethoxypenta-azanaphthalene (0.17 g . ), 
m.p. 155-156° (decomp.)(from ethanol)(Found: C, 43.2; 
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H, 3.6; N, 36.7. 
H, 3.65; N, 36.3%), identified with the product in 
(~) by mixed m.p. and i .r. spectra. 
5,7-Diethoxy-1,2,4,6,8-penta-azanaphthalene 
(~) The 5,7-dimethoxypenta-azanaphthalene (0.10 g.) 
and silver oxide (1.0 g.) were stirred under reflux in 
boiling ethanol (40 ml.) for 7 hr. The mixture was 
filtered and the filtrate was evaporated to dryness 
under reduced pressure. Sublimation of the residue at 
110°/0.5 mm. qave the orange 5,7-diethoxypenta-
azanaphthalene (96%), m.p. 141-142° (decomp.)(Found: 
C, 48.5; H, 5.3; N, 32.0. 
C, 48.9; H, 5.0; N, 31.7 %). 
(~) 4-Ethoxymethylenehydrazino-2-methoxy-5-
nitropyrimidine (1.5 g.) was hydrogenated in ethanol 
(250 ml.) over palladium-on-carbon (10%; 0.3 g.) at 
0 20 and 760 mm. for 5 hr. The filtered solution was 
stirred with anhydrous sodium sulphate (20 g.) at 
25° for 2 hr. Then silver oxide (8 q . ) was added and 
stirring was continued at 25° for 10 hr. and then under 
reflux for 1 hr. The mixture was filtered and the 
filtrate was evaporated to dryness under reduced pressure. 
I 1 
Sublimation of the residue at 110°/0 . 5 mm . gave the 
5,7-diethoxypenta-azanaphthalene (60%), m.p. 141-142°, 
identified with the above product. 
5,7-Dipropoxy-1,2,4,6,8-penta-azanaphthalene 
The 5,7-dimethoxypenta-azanaphthalene (0 . 60 g.), 
silver oxide (2.1 g . ), and propanol (100 ml.) were 
heated under reflux with stirring for 2.5 hr. The 
filtered solution was evaporated to dryness under 
reduced pressure. Recrystallization of the residue 
from light petroleum (b.p. 60-80°) gave orange needles 
of the 5,7-dipropoxypenta-azanaphthalene (73%), m. p . 
87-88° (Found: C, 52.5; H, 6 . 2; N, 27 . 9. 
c11 H15 N5o2 requires C, 53 . 0; H, 6 .1; N, 28 . 1%) . 
Silver acetate in boiling propanol destroyed the 
5,7-dimethoxy compound fairly quickly, giving highly 
coloured products . 
5,7-Di-isopropoxy-1,2,4,6,8-penta-a zanaphthalene 
5,7-Dimethoxypenta-azanaphthalene (0 . 40 g . ), silver 
oxide (2 g.), and isopropanol (100 ml ) were stirred 
under reflux for 5 days. The mixture was filtered and 
the filtrate was evaporated to dryness under reduced 
pressure . The residue was recrystallized from light 
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petroleum (b.p. 60-80°) to give orange needles of the 
5,7-di-isopropoxypenta-azanaphthalene (83%), m. p. 
118-120° (Found: C, 52 . 6; H, 6.4; N, 27.95 . 
c11 H15 N5o2 requires C, 53.0; H, 6.1; N, 28 . 1%). 
7-Ethoxy-1,2,4,6,8-penta-azanaphthalene-5-one 
(~) Ethanolic sodium ethoxide (sodium, 0.12 g . ; 
ethanol, 100 ml.) was added porti onwi se to a stirred 
solution of the 5,7-dimethoxypenta-azanaphthalene 
(0.20 g.) in ethanol (100 ml.) at 25°. The initial 
orange colour of the solution changed quickly to pale 
yellow on addition of sodium ethoxide. After stirring 
at 25° for 10 hr . , the solution was adjusted to pH 4 
with ethanolic hydrogen chloride, filtered, and 
evaporated to dryness under reduced pressure. The 
residual 7-ethoxypenta-azanaphthalene-5-one (0 . 08 g . ) 
had m.p. 186° (decomp.)(from water)(Found: C, 43.7; 
H, 3.8; N, 36.7. c7H7N5o2 requires C, 43 .5; 
H, 3.65; N, 36 . 3%). 
(~) Aqueous 0 . 3~-sodium hydroxide (15 ml . ) was 
added to 5,7-diethoxypenta-azanaphthalene (0 . 14 g.) 
in ethanol (5 ml.) and the solution was kept at 25° for 
1 day. After adjusting the solution to pH 3 with 
dilute hydrochloric acid, it was evaporated to dryness 
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under reduced pressure. The residue was extracted with 
acetone (100 ml.) and concentration (to ca 2 ml.) of the 
extract followed by refrigeration gave the 7-ethoxypenta-
azanaphthalene-5~one (60%), identified with the above 
product by mixed m. p. and i. r. spectra. 
5-Ethoxy-7-methoxy-1,2,4,6,8-penta-azanaphthalene 
4-Ethoxymethylenehydrazino-2-methoxy-5-nitropyrimidine 
(1.0 g.) was hydrogenated in ethanol (150 ml.) over 
palladium-on-carbon (10%; 0.3 g . ) at 20° and 760 mm. for 
50 min. The filtered solution and yellow mercuric oxide 
(7.0 g.) were stirred under reflux for 8 hr. Solids 
were removed by filtration and the solution was evaporated 
to dryness under reduced pressure . Extraction with 
ether (2 x 300 ml.) and evaporation gave a residue 
which sublimed (120°/0.4 mm.) to give orange needles 
of the 5-ethoxy-7-methoxypenta-azanaphthalene (0.07 g.), 
m.p. 145-146° (from ether)(Found: C, 46.7; H, 4 . 7; 
N, 34.1. c8H9N5o2 requires C, 46 . 4; H, 4 . 4; N, 33 . 8%) . 
5,7-Dimethoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
4-a-Ethoxyethylidenehydrazino-2-methoxy-5-
nitropyrimidine (0 . 8 g . ) was hydrogenated over 
palladium-on-carbon (10 %; 0.5 g.) in tetrahydrofuran 
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(250 ml.) at 20° and 760 mm . for 5 hr. The mixture was 
stirred with barium oxide (15 g.) and silver oxide (10 g . ) 
at 20° for 11 hr. The filtered solution, methanol 
(50 ml.), and fresh silver oxide (3 g.) were stirred at 
20° for 24 hr . Evaporation of the filtered solution 
and sublimation (105°/o 1 mm . ) of the residue gave the 
slightly hygroscopic 5,7-dimethoxy-3-methylpenta-
azanaphthalene (0 . 25 g.), m. p . 160° (Found: C, 46 . 1; 
H, 4 . 25; N, 33.4. c8H9N5o2 requires C, 46 . 4; 
H, 4.4; N, 33 . 8%). 
5,7-Diethoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene 
5,7-Dimethoxy-3-methylpenta-azanaphthalene (0 . 14 g . ) 
and silver oxide (0.5 g . ) were stirred under reflux in 
boiling ethanol (40 ml.) for 15 hr . The mixture was 
filtered and the filtrate was evaporated to dryness 
under reduced pressure . Sublimation of the residue at 
110°/0 . 4 mm. gave the orange 5,7-diethoxy-3-methylpenta-
azanaphthalene (0 . 12 g . ; 75%), m. p . 140-141° (from light 
petroleum, b . p . 60-80°)(Found: C, 51 . 0; H, 5 . 7; 
N, 29.3. c10 H13 N5o2 requires C, 51 . 05; H, 5 . 6; N, 29 . 8%) . 
I 1 
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7-Methoxy-5-methylthio-1,2,4,6,8-penta-azanaphthalene 
4-Ethoxymethylenehydrazino-2-methoxy-5-
nitropyrimidine (2.0 g.) was hydrogenated over palladium-
on-carbon (10%; 0.5 q.) in anhydrous tetrahydrofuran at 
20° and 760 mm. for 15 hr. The mixture was stirred 
with silver oxide (4 . 0 g.) and barium oxide (10 g.) at 
20° for 12 hr. The fi 1 tered solution was mixed with 
methanethiol (2 g.) and kept at 25° for 15 hr.; then 
boiled briefly to remove the excess of methanethiol. 
The solution was stirred with fresh silver oxide (5 g.) 
at 25° for 12 hr . and filtered at the boil. The 
residue from evaporating the filtrate recrystallized 
from ether to give the orange 7-methoxy-5-
methylthiopenta-azanaphthalene (0.80 g.), m.p . 185-186° 
(Found: C, 39.9; H, 3.4; N, 33.45 . c7H7N50S 
requires C, 40.2; H, 3 . 4; N, 33 . 5%). 
7-Methoxy-1,2,4,6,8-penta-azanaphthalene-5-one 
(~) 5,7-Dimethoxypenta-azanaphthalene (0.45 g . ) 
was stirred in 0.3~-sodium hydroxide at 25° for 24 hr. 
The solution was adjusted to pH 2 with hydrochloric acid 
and evaporated to dryness under reduced pressure . The 
residue was extracted with boiling acetone (2 x 100 ml.). 
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Concentration of the extracts to ca 50 ml. and 
refrigeration gave the yellow 7-methoxypenta-azanaphthalene 
-5-one (0.40 g.), m.p. 185° (decomp.)(from methanol) 
(Found: C, 40.0; H, 3.0; N, 39.05. C6H5N5o2 
requires C, 40.2; H, 2.8; N, 39.1 %). 
(~) 7-Methoxy-5-methylthiopenta-azanaphthalene 
(0.27 g.) was stirred in 0.03~-sodium hydroxide (60 ml.) 
at 25° for 15 hr . The solution was adjusted to pH 2 
with hydrochloric acid and evaporated to dryness under 
reduced pressure . The residue was crystallized from 
water to give the 7-methoxypenta-azanaphthalene-5-one 
(0.19 g.), identified with the above product by mixed 
m.p. and i .r. spectra . 
1,2,4,6,8-Penta-azanaphthalene-5,7-dione 
(~) 7-Methoxypenta-azanaphthalene-5-one (0.20 g . ) 
and 5~-hydrochloric acid (25 ml.) were kept at 20° 
for 12 hr. The residue from evaporation under reduced 
pressure recrystallized from methanol to give the 
penta-azanaphthalene-5,7-dione (0.16 g.), m.p. ca 340° 
(decamp.) identified with the authentic material 
(Temple, Kussner, and Montgomery, 1968, 1969a) by its 
u.v. and i .r . spectra (Found: C, 36.3; H, 2.1; N, 42.75. 
Calcd for C5H3N5o2 : C, 36.4; H, 1.8; N, 42 4%) . 
An equivalent amount of the 7-ethoxypenta-
azanaphthalene-5-one was converted into the 5,7-dioxo 
compound in the same way as above . 
(£) 5,7-Dime_thoxypenta-azanaphthalene (0 . 10 g . ), 
methanol (5 ml ) , and 5~-hydrochloric acid (10 ml . ) 
were kept at 20° for 24 hr . Evaporation and 
crystallization of the residue from ethanol gave a 
product (0.05 g.) identified with the above 5,7-dioxo 
compound . 
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5,7-Dipropoxypenta-azanaphthalene (0.11 g.) was 
similarly converted into the 5,7-dioxo compound (0.05 g . ) . 
(i) To the 5,7-dimethoxypenta-azanaphthalene 
(0.15 g.) in anhydrous ethanol (40 ml.), ethanolic 
hydrogen chloride (saturated; 8 ml.) was added at 20°. 
The initial orange colour of the solution was replaced 
quickly by pale yellow. After 10 hr . , the 
solution was evaporated to dryness under reduced 
pressure . Recrystallization of the residue from water 
gave the penta-azanaphthalene-5,7-dione (0 . 05 g . ), 
m.p. ca 340° (decamp . ) identified with the product in 
(~) by i .r. spectra . 
(~) 0.1~-Sodium hydroxide (150 ml . ) wasadded 1n 
portions during 2 . 5 hr . to a vigorously stirred 
suspension of 7-chloro-l,2-dihydro-l,2,4,6,8-penta-
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azanaphthalene (described below; 1 . 5 g.) in dioxane 
(400 ml.) and water (50 ml . ) maintained at o0 • After 
stirring at 20° for 24 hr., the solution was adjusted 
to pH 3 with hydrochloric acid and evaporated to dryness 
under reduced pressure. Extraction of the residue with 
hot acetone (2 x 800 ml.) and evaporation of the 
extracts gave the penta-azanaphthalene-5,7-dione 
(0.23_ g.), m.p. ~ 340° (decomp . )(from methanol)(Found: 
C, 36.7; H, 2 . 3; N, 41.6. Calcd for C5H3N502 : 
C, 36.4; H, 1 . 8; N, 42 . 4%) identified with the 
product i n ( ~) by i . r . spectra . 
4-Propoxypteridine 
4-Methoxypteridine (Albert, Brown, and Cheeseman, 
1952b; 0.14 g.), silver oxide (0.7 g . ), and propanol 
(40 ml.) were stirred under reflux for 3 hr. 
Filtration, evaporation, and sublimation (6o 0 ;o . 5 mm.) 
gave 4-propoxypteridine (88%), m. p . 66-67 . 5° (from 
ether)(Found: C, 56.95; H, 5.6; N, 29 . 3 . 
C9H10 N4o requires C, 56 . 8; H, 5 . 3; N, 29 . 5%) . 
Under similar conditions, 2-methoxypteridine 
(Albert, Brown, and Cheeseman, 1952b) gave a deep violet 
product which resisted sublimation, and 6-methoxypteridine 
(Albert, Brown, and Cheeseman, 1952a) gave only 
unidentified material bearing no propyl group 
1 ( H n.m.r. spectrum). 
5-Nitro-2-propoxypyrimidine 
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2-Methoxy-5-nitropyrimidine (Brown and Foster, 1966; 
1.4 g.), silver oxide (4 . 0 g.), and propanol (30 ml . ) 
were stirred under reflux for 16 hr. Removal of the 
solvent from the filtered solution gave a residue which 
was extracted with ether ( 300 ml.). The extract, 
washed with aqueous sodium hydrogen carbonate and then 
with water, was dried over barium oxide and later 
phosphorus pentoxide . Evaporation and distillation 
gave 5-nitro-2-propoxypyrimidine (0.92 g.), b . p . 
0 0 ( 91 /0 . 4 mm. and m. p . 37-38 Found: C, 45 . 8; H, 5 . 0; 
N, 22.7. c7H9N3o3 requires C, 45 . 9; H, 5 . 0; 
N, 22.9%). 
5-Nitro-4-propoxypyrimidine 
4-Methoxy-5-nitropyrimidine (Biffin, Brown, and Lee, 
1967b; 0.60 g.), silver oxide (2.4 g . ), and propanol 
(60 ml.) were heated under reflux with stirring for 7 hr. 
The mixture was filtered and re moval of the solvent fro m 
the filtrate gave an oily residue . Distillation of the 
residue gave 5-nitro-4-propoxypyri midine (0 . 41 g . ; 58 %) , 
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b.p. 116°/5 mm. and m. p . ~ 20° (Found: C, 46 . 1; 
H, 5.5; N, 22 05 . c7H9N3o3 requires C, 45 . 9; 
H, 5 . 0; N, 22 . 9%) . 
5-Nitro-2,4-dipropoxypyrimidine 
2,4-Dimethoxy-5-nitropyrimidine (Brown, 1957; 2 . 5 g . ) 
and silver oxide (5 g . ) were stirred under reflux in 
boiling propanol (100 ml . ) for 20 hr . The mixture was 
filtered . Removal of the solvent from the filtrate 
and distillation of the residue gave 5-nitro-2,4-
dipropoxypyrimidine (0 . 95 g.; 30%), b . p . 115-117°/0 . 25 mm . 
(Found: C, 49 . 8; H, 6 . 6; N, 17 . 8. c10 H15 N3o4 
requires C, 49 . 8; H, 6 . 3; N, 17 . 4%) . 
4-Methoxy-6-methyl-5-nitro-2-propoxypyrimidine 
2,4-Dimethoxy-6-methyl-5-nitropyrimidine (Backer 
and Grevenstuck, 1945; 1 . 50 g . ), silver oxide (2 . 5 g . ), 
and propanol (40 ml.) were stirred under reflux for 
17 hr. Removal of the solvent from the filtered 
solution and distillation gave 4-methoxy-6-methyl-5-
nitro-2-propoxypyrimidine (1.38 g . ; 81%), b . p . 
104-106°/0 . 25 mm . (Found: C, 47 . 9; H, 6 . 1; N, 18.7 . 
c9H13 N3o4 requires C, 47.6; H, 5.8; N, 18 . 5%) . 
i l 
4-Hydrazino-6-methyl-5-nitro-2-propoxypyri midine 
4-Methoxy-6-methyl-5-nitro-2-propoxypyri midine 
(0.9 g.), hydrazine hydrate (0.2 g.), and methanol 
(30 ml.) were boiled under reflux for 5 hr. Clarific-
ation and concentration to ca 10 ml. gave 4-hydrazino-
6-methyl-5-nitro-2-propoxypyrimidine (0.63 g . ), m.p . 
107-109° (from ethanol)(Found: C, 42.4; H, 6.05; 
N, 31.3. c8H13 N5o3 requires C, 42 . 3; H, 5 . 8; 
N, 30.8%). 
In order to confirm the structure, this 
propoxypyrimidine (0 . 45 g.) was treated with 
2~-hydrochloric acid (30 ml.) at 20° for 20 hr . 
The solution was evaporated to dryness under reduced 
pressure . Crystallization of the residue from dilute 
aqueous sodium hydrogen carbonate (pH 5-6) gave 
4-hydrazino-6-methyl-5-nitropyrimid ine-2-one (60 %) 
(Found: C, 32.8; H, 4.2; N, 37 4. Calcd for 
C5H7N503 : C, 32 . 4; H, 3.8; N, 37 . 8%) identified 
with the authentic sample (see page 142) by mixed m.p. 
(228-229°; decamp . ) and i . r . spectra . 
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4-Ethoxy-6-methoxy-5-nitropyr imidine 
4-Chloro-6-methoxy-5-nitropyri midine (Taylor, 
Barton, and Paudler, 1961; 1 . 0 g . ), silver oxide (2 g . ), 
f j 
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and ethanol ( 150 ml.) were heated under reflux with 
stirring for 36 hr. Filtration and evaporation gave 
4-ethoxy-6-methoxy-5-nitropyrimidine (0.8 g.), m. p . 
69-71° (from ether)(Found: C, 42.0; H, 4.7; N, 21.15. 
N, 21.1%). 
The following methoxypyrimidines were unchanged by 
silver oxide/alkanol under the conditions indicated: 
2-methoxypyrimidine (Brown and Short, 1953; ethanol, 
120°, 62 hr.); 2,4-dimethoxy-6-methylpyrimidine 
(Gabriel and Colman, 1899; boiling ethanol, 5 hr.); 
4,6-dimethoxy-5-nitropyrimidine (Rose and Brown, 1956; 
b o i 1 i n g prop an o 1 , 2 2 h r . ) ; 4 - met ho xy - 2 , 6 - di met h y 1 - 5 -
nitropyrimidine (Urban and Schnider, 1958; boiling 
propanol, 60 hr .). 
3,5-Dinitro-2-propoxypyridine 
2-Methoxy-3,5-dinitropyridine (Barycki and Plazek, 
1963; 1.7 g . ) and silver oxide (4.0 g.) were stirred 
under reflux in boiling propanol (50 ml.) for 100 hr . 
The residue from evaporation of the filtered solution 
was extracted with ether ( 200 ml.) . The extract, 
washed with aqueous sodium hydrogen carbonate and with 
water, was dried successively over barium oxide and 
phosphorus pentoxide. Distillation gave the 
11 
propoxypyridine (Barycki and Plazek, 1963; 1 . 1 g . ), 
b.p. 113-115°/0 . 0l mm . (Found: C, 42 . 0; H, 4 . 2; 
N, 18.3. Calcd for C8H9N3o5 : C, 42 . 3; H, 4 c0; 
N, 18.5%). 
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Transetherification of the following compounds was 
unsucces~ful by treatment with silver oxide in boiling 
propanol: 2-methoxy-5-nitropyridine (Friedman, Braitberg, 
Tolstoouhov, and Tisza, 1947) [38 hr . ; gave a little 
l-methyl-5-nitropyridine-2-one (Fischer and Chur, 1916)]; 
4-methoxy-3-nitropyridine (Bremer, 1937)(26 hr.); 
2,4-dinitroanisole (Ter Weel, 1916)(24 hr . ); and 
2,6-dinitroanisole (Ter Weel, 1916)(70 hr . ) . 
5-Amino-2-chloro-4-hydrazinopyrimidine 
2,4-Dichloro-5-nitropyrimidine (Brown, 1952; 12 g . ) 
was hydrogenated in ethanol (400 ml.) over Raney nickel 
at 20° and 760 mm . during 90 min . The catalyst was 
filtered off and the filtrate was heated under reflux 
with hydrazine hydrate (9 . 0 g . ) for 8 hr . The 
mixture was filtered and the filtrate was treated with 
charcoal. The refiltered solution was evaporated to 
dryness under reduced pressure and tr i turat i on of the 
residue with cold water (50 ml.) gave colourless 
5-amino-2-chloro-4-hydrazinopyrimidine (3 . 6 g . ), 
I I 
m.p. 172° (decomp.)(from ethanol)(Found: C, 29.75; 
H, 3.55; N, 43.2. c4H6ClN 5 requires C, 30 . 1; 
H, 3.8; N, 43 . 9%) . 
7-Chloro-1,2-dihydro-l,2,4,6,8-penta-azanaphthalene 
A mixture of the above aminohydrazinopyrimidine 
(3.3 g.), t ·riethyl orthoformate (40 ml . ) and cone . 
hydrochloric acid (1.5 ml . ) was stirred at 25° for 
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1 O hr . Filtration gave a crude hydrochloride (3.3 g.). 
Recrystallization from methanol gave the yellow 
7-chloro-1,2-dihydropenta-azanaphthalene, m. p . ca 250° 
(decomp . )(Found: C, 35.7; H, 2 . 4; N, 41 . 6. 
c5H4ClN 5 requires C, 35 . 4; H, 2 . 4; N, 41 . 3%) . 
Attempts to prepare the same compound by reductive 
cyclization (H 2 + Raney nickel) of 2-chloro-4-2'-
formylhydrazino-5-nitropyrimidine were unsuccessful . 
7-Chloro-1,2-dihydro-3-methyl-1,2,4,6,8-penta-
azanaphthalene 
A mixture of 5-amino-2-chloro-4-hydrazinopyrimidine 
(2.2 g.), triethyl orthoacetate (20 ml.), and methanolic 
hydrogen chloride (ca 15%, 5 ml . ) was stirred at 25° 
for 10 hr. Filtration and recrystallization from 
r 1 
methanol gave the yellow 7-chloro-1,2-dihydro-3-
methylpenta-azanaphthalene (1.7 g.), m.p. ca 230° 
(decomp.)(Found: C, 39.4; H, 3.45; N, 37.8 . 
C6H6ClN 5 requires C, 39.25; H, 3 . 3; N, 38.1%) . 
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Attempts to make the same penta-azanaphthalene from 
4-2'-acetylhydrazino-2-chloro-5-nitropyrimidine (Polya 
and Shanks, 1964) were unsuccessful . 
7-Chloro-1,2-dihydro-5-methyl-1,2,4,6,8-penta-
azanaphthalene 
2,4-Dichloro-6-methyl-5-nitropyrimidine (Albert, 
Brown, and Wood, 1954; 20 g.) was hydrogenated in 
methanol (400 ml . ) over Raney nickel at 20° and 760 mm. 
during 1 hr. The catalyst was filtered off and the 
filtrate was boiled under reflux with hydrazine hydrate 
(10 g.) for 3 hr. The solution was adjusted to pH 2 
with hydrochloric acid, treated with charcoal, and 
then filtered. Concentration of the solution to ca 
50 ml. and refrigeration gave a crude hydrochloride 
(10 g.). This crude hydrochloride (5 g . ), triethyl 
orthoformate (40 ml . ), and methanolic hydrogen chloride 
(ca 15%; 5 ml.) were stirred at 25° for 17 hr . 
Filtration and recrystallization from an dilute aqueous 
1: 
I: 
I, 
11 
I, 
1: 
1, 
Ii 
II 
buffer (pH 5-6) gave the yellow 7-chloro-1,2-dihydro-5-
methylpenta-azanaphthalene (3 . 3 g . ), m.p. > 300° 
(decomp.)(Found: C, 39.6; H, 3.1; N, 38 . 5 . 
C6H6ClN 5 requires C, 39.25; H, 3.3; N, 38 . 15 %). 
9-Formamidopurine-2-one 
7-Chloro-1,2-dihydropenta-azanaphthalene (1.5 g.) 
and 90% formic acid (40 ml.) were boiled under reflux 
for 10 hr. The solution was treated with charcoal 
and the filtered solution was evaporated to dryness 
under reduced pressure . Recrystallization of the 
residue from water gave colourless 9-formamidopurine-
2-one (1.0 g.), m. p . 309-310° (decomp.)(Found: 
C, 40.2; H, 2 . 9; N, 39.2. 
C, 40.2; H, 2 . 8; N, 39.1%). 
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9-Formamido-6-methylpurine-2-one 
7-Chloro-1,2-dihydro-5-methylpenta-azanaphthalene 
(1.0 g . ) and 98% formic acid (200 ml.) were boiled under 
reflux for 5 hr . The solution was evaporated to 
dryness under reduced pressure. Recrystallization 
of the residue from methanol gave colourless 
9-formamido-6-methylpurine-2-one (0.55 g.), m.p. 257° 
(decomp . )(Found: N, 36 . 2 . c7H7N5o2 requires N, 36 . 3%). 
5,7-Diamino-1,2,4,6,8-penta-azanaphthalene 
5,7-Dimethoxypenta-azanaphthalene (0 . 30 q . ) and 
ca 25% methanolic ammonia (50 ml.) were heated in a 
sealed tube on the steam bath for 10 hr. Filtration 
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gave the yellow 5,7-diaminopenta-azanaphthalene (0.16 g . ), 
m.p. t 300° (from water)(Found: C, 36.7; H, 3.1; 
N, 60.0. c5H5N7 requires C, 36.8; H, 3.1; N, 60.1 %). 
7-Amino-1,2,4,6,8-penta-azanaphthalene-5-one 
7-Methoxypenta-azanaphthalene-5-one (0.135 g . ) and 
ca 30% methanolic ammonia (10 ml.) were heated in a 
sealed tube at 135-145° for 7 hr . After filtration, 
the solution was evaporated to dryness under reduced 
pressure. The residue was dissolved in methanol, 
acidified with acetic acid, and then concentrated to 
ca 30 ml. Refrigeration gave the yellow 
7-aminopenta-azanaphthalene-5-one (0 . 10 g . ), m.p . 
t 300° (from methanol)(Found: C, 36.5; H, 2 . 6; 
N, 50.3. C5H4N60 requires C, 36.6; H, 2.5; N, 51.2 %). 
5-Amino-1,2,4,6,8-penta-azanaphthalene-7-one 
7-Chloro-1,2-dihydropenta-azanaphthalene (3.0 g.) 
and ca 15 % methanolic ammonia (300 ml) were stirred 
at -10° for 4 hr . then at o0 for 10 hr . After 
I 
I 
I 
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refluxing for 4 hr., the mixture was filtered. The solid 
(0.3 g.) was crude 5,7-diaminopenta-azanaphthalene. The 
filtrate was evaporated to dryness under reduced pressure 
and the residue was dissolved in hot methanoi, acidified 
with acetic acid, and treated with charcoal. The 
filtered solution was concentrated to ca 20 ml. and 
cooled to give the 5-aminopenta-azanaphthalene-7-one 
(0.8 g.), m.p. t 300° (from methanol) and m/e 164 
(Found: C, 36.45; H, 2.4; N, 50.3. C5H4N60 
requires C, 36.6; H, 2.5; N, 51.2%). 
In some batches, a little penta-azanaphthalene-
5,7-dione was obtained. 
5,7-Bisbutylamino-1,2,4,6,8-penta-azanaphthalene 
5,7-Dimethoxypenta-azanaphthalene (0.65 g.) and 
butyl amine (30 ml.) were heated in a sealed tube on 
the steam bath for 6.5 hr. Evaporation and 
recrystallization from ether gave the orange 
5,7-bisbutylaminopenta-azanaphthalene (0.63 g . ), 
m.p. 133-134° (Found: C, 57.35; H, 7.3; N, 36 . 2. 
c13 H21 N7 requires C, 56.7; H, 7.7; N, 35 . 6%). 
-7-Butylamino-1,2,4,6,8-penta-azanaphthalene-5-one 
(~) 7-Chloro-1,2-dihydropenta-azanaphthalene 
(1.0 g.) and 15% methanolic butyl amine (200 ml.) were 
stirred at -10° for 2 hr. then at 20° for 24 hr. 
After boiling for 2 hr . , the solution was evaporated to 
dryness under reduced pressure. The residue was 
extracted with ether (3 x 300 ml.). Evaporation of 
the ether solution gave the 5,7-bisbutylaminopenta-
azanaphthalene (0 . 22 g.) identified with the above 
product by mixed m.p . and i .r. spectra. The ether 
insoluble material was dissolved in methanol, acidified 
with acetic acid, and then concentrated to ca 15 ml. 
Refrigeration gave the yellow 7-butylaminopenta-
azanaphthalene-5-one (0.47 g . ), m. p. 213.5-214.5° 
(from ethanol)(Found: C, 49 . 6; H, 5 . 5; N, 38.6 . 
c9H12 N60 requires C, 49.1; H, 5.5; N, 38 . 2%) . 
(~) 7-Chloro-1,2-dihydropenta-azanaphthalene 
(1.0 g . ), butyl amine (30 ml.), and barium oxide (10 g . ) 
were stirred at -10° for 1 hr . then at 20° for 24 hr . 
The filtered solution was evaporated to dryness under 
reduced pressure . The residue, on treatment as in 
method (a), gave 5,7-bisbutylaminopenta-azanaphthalene 
(0.20 g.) and 7-butylaminopenta-azanaphthalene-5-one 
( 0 . 4 7 g . ) • 
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(~) 7-Methoxypenta-azanaphthalene-5-one (0 . 50 g.) 
and 20% ethanolic butyl amine (50 ml . ) were heated in a 
sealed tube on the steam bath for 12 hr. The solution 
was evaporated to dryness under reduced pressure. The 
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residue was dissolved in methanol, acidified with acetic 
acid, treated with charcoal, and then filtered. 
Concentration to ca 20 ml. and refrigeration gave 
7-butylaminopenta-azanaphthalene-5-one (0.43 g.) 
identified with the product above by i .r . spectra . 
(i) A suspension of 5,7-bisbutylaminopenta-
azanaphthalene (0 . 20 g.) in a mixture of 1~-sodium 
hydroxide (50 ml.) and methanol (50 ml.) was stirred at 
20° for 35 hr . The resulting solution was adjusted to 
pH 3 and then concentrated. Refrigeration gave 
7-butylaminopenta-azanaphthalene-5-one (0.11 g . ). 
When the bisbutylamino compound (0 . 25 g.) was 
heated with 10% methanolic butyl amine (20 ml.) under 
reflux for 2 hr., the starting material was recovered 
in 88% yield. 
7-Dimethylamino-1,2,4,6,8-penta-azanaphthalene-5 -one 
A solution of 7-chloro-1,2-dihydropenta-
azanaphthalene (1.0 g . ) in ca 30 % ethanolic dimethyla min e 
(150 ml . ) was stirred at -10° for 5 hr . , then at o0 for 
j 
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10 hr. After boiling for 4 hr., the solution was 
evaporated to dryness under reduced pressure . The 
residue was dissolved in ethanol, acidified with acetic 
acid, and concentrated to ca 15 ml. Refrigeration 
gave the orange 7-dimethylaminopenta-azanaphthalene-
5-one (0.44 g.), m.p. 299-300° (from ethanol)(Found: 
C, 43.7; H, 4.0; N , 43.4. c7H8N60 requires 
C, 43.75; H, 4.2; N, 43.7%). 
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5,7-Bisbutylamino-3-methyl-1,2,4,6,8-penta-azanaphthalene 
and 7-butylamino-3-methyl-1,2,4,6,8-penta-azanaphthalene-
5-one 
7-Chloro-1,2-dihydro-3-methylpenta-azanaphthalene 
(1.2 g.) and 30% ethanolic butyl amine (100 ml.) were 
stirred at -10° for 2 hr., then at 20° for 10 hr. 
After boiling for 1 hr., the solution was evaporated 
to dryness under reduced pressure. The residue was 
extracted with ether (50 ml.) and the extract, after 
treatment with charcoal, was evaporated. Trituration 
of the residue with light petroleum (b.p. 40-60°; 
10 ml.) gave the 5,7-bisbutylamino-3-methylpenta-
azanaphthalene (0.40 g.), m.p. 109-110° (from benzene) 
(Found: C, 57.2; H, 7.9; N, 33.4. c14 H23 N7 
requires C, 58.1; H, 8.0; N, 33.9 %). The ether-
n 
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insoluble material was dissolved in cold water, adjusted 
to pH 3 with dilute hydrochloric acid. Concentration 
to ca 10 ml. under reduced pressure followed by 
refriqeration, q.ave the 7-butylamino-3-methylpenta-
azanaphthalene-5-one (0.40 g.), m.p. 210-211° (from 
ethanol)(Found: N, 35 .5. c10 H14 N6o requires N, 35.9%). 
3-Methyl-7-methylamino-1,2,4,6,8-penta-azanaphthalene-
5-one 
7-Chloro-1,2-dihydro-3-methylpenta-azanaphthalene 
(0.70 g.) and~ 15% ethanolic methyl amine (200 ml.) 
were stirred at -10° for 2 hr. then at room temperature 
overnight. After refluxing for 1.5 hr., the solution 
was evaporated to dryness under reduced pressure. The 
residue was extracted with hot ether (500 ml.). The 
ether-insoluble material was dissolved in ethanol, 
acidified with acetic acid, treated with charcoal, and 
concentrated to ca 5 ml. to give yellow needles (0.10 g.) 
of 3-methyl-7-methylaminopenta-azanaphthalene-5-one, 
m.p. >270° (decomp.)(from ethanol)(Found : C, 44.0; 
H, 4.2; N, 43.7. c7H8N6o requires C, 43.75; 
H, 4.2; N, 43.7 %). 
188 
5-Amino-7-methoxy-1,2,4,6,8-penta-a zanaphthalene 
(~) 5,7-Dimethoxypenta-azanaphthalene (0.50 g.) 
and ca 4% methanolic ammonia (100 ml.) were boiled under 
reflux for 2.5 hr. The solution was evaporated to 
dryness under reduced pressure and the residue was 
recrystallized from water to give the yellow 5-amino-
7-methoxypenta-azanaphthalene (0.44 g.), m.p. ca 200° 
(decomp.)(Found: C, 40.1; H, 3.4; N, 46 .8. 
c6H6N6o requires C, 40.45; H, 3.4; N, 47 .2%). 
(~) 7-Methoxy-5-methylthiopenta-azanaphthalene 
(0.30 g.) and~ 0.5% methanolic ammonia (200 ml.) were 
stirred at 20° for 10 hr. The solution was evaporated 
to dryness under reduced pressure. Recrystallization 
of the residue from methanol gave the 5-amino-7-
methoxypenta-azanaphthalene (0.23 g.), identified with 
the above product by i .r. spectra. 
Hydrolysis of 5-amino-7-methoxypenta-azanaphthalene 
(~) In alkali: a suspension of 5-amino-7-
methoxypenta-azanaphthalene (0 . 25 g . ) in 0.5~-sodium 
hydroxide (20 ml.) was stirred at 20° for 48 hr. The 
resulting solution was adjusted to pH 3 with dilute 
hydrochloric acid and treated with charcoal. 
Concentration of the filtered solution to ca 5 ml. 
l 
under reduced pressure, followed by refrigeration, gave 
7-methoxypenta-azanaphthalene-5-one (0 . 20 g.). 
(~) In acid: a solution of 5-amino-7-methoxypenta-
azanaphthalene (0 . 25 q.) in 10% aqueous formic acid 
(150 ml.) was kept at 60° for 20 hr. The solution 
was evaporated to dryness under reduced pressure and 
the residue was recrystallized from methanol to give 
penta-azanaphthalene-5,7-dione (0 . 21 g.). 
The starting material was recovered (80%) after 
its solution in 10 % aqueous formic acid had been 
kept at 25° for 50 hr. 
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5-Dimethylamino-7-methoxy-1,2,4,6,8-penta-azanaphthalene 
5,7-Dimethoxypenta-azanaphthalene (0.30 g.) and 3% 
ethanolic dimethyl amine (100 ml . ) were allowed to stand 
at 20° for 10 hr o Evaporation and recrystallization 
from methanol gave the 5-dimethylamino-7-metho xypenta-
azanaphthalene (0.26 g.), m.p. 214-216° (Found: 
C, 46.4; H, 5.1; N, 41.1. c8H10 N6o requires 
C, 46 . 4; H, 4 . 85; N, 40 . 8%) . 
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5-Methoxy-3-methylpenta-azanaphthalene 
5-Methoxy-7-methylpenta-azanaphthalene 
7-Methoxy-3-methylpenta-azanaphthalene 
7-Methoxy-5-methylpenta-azanaphthalene 
7-Methoxy-5-methylthiopenta-azanaphthalene 
5-Methoxypenta-azanaphthalene 
7-Methoxypenta-azanaphthalene 
7-Methoxypenta-azanaphthalene-5-one 
3-Methyl-5-methylthiopenta-azanaphthalene 
3- Methylpenta-azanaphthalene 
b 5-Methylpenta-azanaphthalene 
C 7-Methylpenta-azanaphthalene 
3-Methylpenta-azanapht halene-5-one 
3-Methyl-5-propoxypenta-azanaphtha lene 
Penta -azanaphthalene (unsubstituted)£ 
Penta-azanaphthalene-5,7-dione 
Penta-azanaph thalene-5-one 
192 
168 
161 
111 
167 
162 
117 
141 
106 
115 
137 
139 
170 
110 
136 
170 
159 
104 
130 
114 
158 
161 
109 
171 
154 
,-
193 
3, 5, 7- Trimethylpenta - azanaphthalene 120 
Pyri mid ines 
5- Acetamido - 4- methyl - 6 - methylthiopyrimidine 132 
4-2'-Acetylhydrazino-2-chloro-6-methy l-5-
nitropyrimidine 133 
4-2'-Acetylhydrazino-2-chloro-5 - nitropyr im idin e 146 
4- 2 '- Ace tylhydra zino - 5- nitropyrimidine - 6- one 156 
5-Amino-4-chloro-2,6 - dimethylpyri midine 122 
5- Amino - 2- chloro - 4- hydrazinopyrimidine 178 
5- Amino- 4- 2 '- formylhydr a zinopyrimidine - 6- one 154 
5- Ami no - 4- hydra zino - 2, 6- dimethylpyrimidine 
dihydr ochloride 123 
5-Amino-4-methylpyri midine-6-one 127 
2- Ben z ylo x y - 4- a - ethoxyethylidenehydrazino-6-
me thyl - 5- nitropyrimidine 153 
2- Ben z yloxy - 4- hydrazino - 6- methyl-5-nitropyrimidine 153 
2, 4- Bi s (2 '-a cetylhydrazino) - 5- nitropyrimidine 146 
NN'- Bis(2 , 4- dimethyl - 5- nitropyrimidin-6-yl)hydrazine 118 
2, 4- Bis(2 '- formylhydrazino) - 5-nitropyrimidine 145 
2, 4- Bismethylthio - 5-nitropyrimidine 150 
4-Chloro-2,6-di me thyl -5- nitropyrimidin e 118 
4- Chloro - 5- formamido - 6- methylpyrimidine 131 
2- Chloro - 4- 2' - formylhydrazino-5-nitropyrimidine 145 
194 
5-p- Chlorophenylazo - 2- mercapto - 4-methylpyrimidin-6-one 128 
5-p- Chlorophenylazo-4-methylpyrimidine-6-one 126 
23 4- Dibenzyloxy-6-methyl-5-nitropyrimidine 152 
23 4- Dihydrazino~6 - methyl - 5-nitropyrimidine 138 
4- a- Ethoxyethylidenehydrazino - 23 6-dimethyl-5-
nitropyrimidine 119 
4-a- Ethoxyethylidenehydrazino-2-methoxy-6-methyl-5-
nitropyrimidine 140 
4- a- Etho x yethylidenehydrazino-2-methoxy-5-
nitropyrimidine 137 
4- a- Ethoxyethylidenehydrazino-6-methoxy-5-
nitropyrimidine 105 
4- a- Etho x yethylidenehydrazino - 2- methyl-5-
nitropyrimidine 115 
4- a- Ethoxyethylidenehydrazino-5-nitropyrimidine 103 
4- Ethoxy - 6- methoxy-5 - nitropyrimidine 176 
4- Ethoxymethylenehydrazino-2-methoxy-6-methyl-5-
nitropyrimidine 139 
4- Ethoxymethylenehydrazino-2-methoxy-5-
nitropyrimidine 136 
4- Ethoxymethylenehydrazino-2-methyl-5-
nitropyrimidine 113 
4- Eth oxymethylenehydrazino-2-methylthio-5-
nitropyrimidine 151 
4- Ethoxymethylenehydrazino-5-nitropyrimidine 107 
5- Formamido-4-methyl-6-methylthiopyrimidine 131 
5- Formamido-4-methylthiopyrimidine-6-one 130 
4- 2 '- Formylhydrazino-2 3 6-dimethyl-5-nitropyrimidine 121 
4-2'-Formylhydrazino-5-nitropyrimidine-6-one 
4-Hydrazino-2~6-dimethyl -5-ni tropyrimidine 
4-Hydrazino-2-methoxy-6-methyl-5-nitropyrimidine 
·4-Hydrazino-6-me_thoxy-2-methyl-5-nitropyrimidine 
4- Hydrazino-2-methoxy-5-nitropyrimidine 
4-Hydrazino-6-methyl-5-nitro-2-propoxypyrimidine 
4- Hydrazino - 2-methyl-5-nitropyrimidine 
4-Hydrazino-6-methyl-5-nitropyrimidine-2-one 
4-Hydrazino-2-methylthio-5-nitropyrimidine 
4-Hydrazino-5-nitropyrimidine-2-one 
4-Methoxy-6-methyl-5-nitro-2-propoxypyrimidine 
4-Methoxy-2-methyl-5-nitropyrimidine 
2-Methoxy-5-nitropyrimidine 
4- Methyl-2~6-bismethylthio-5-nitropyrimidine 
2-Methyl-5-nitropyrimidine 
4-Methyl-5-nitropyrimidine -6-one 
5- Nitro-2~4-dipropoxypyrimidine 
5-Nitro-2-prop oxypyrimidine 
5-Nitro-4-propoxypyrimidine 
Other Systems 
9-Amino-2~6-dimethylpurine hydrochloride 
?-Amino-4~6-dimethyl- 1~2~3a~5-tetra-azaindene 
195 
153 
118 
138 
112 
135 
176 
113 
142 
151 
147 
175 
112 
136 
151 
113 
125 
175 
174 
174 
125 
121 
196 
?-Amino-4-methoxy-6-methyl-1,2,3a,5-tetra-azaindene 142 
?-Amino-6-methyl-1,2,3a,5- tetra-azaindene-4-one 144 
?-Amino-1,2,3a,5-tetra-azaindene- 4-one 149 
4,6-Dimethyl-?-nitro-1,2,3a,5-tetra-azaindene 121 
3,6-Dimethyl-?-nitro- 1 ,2,3a,5-tetra-azaindene-4-one 145 
3,5-Dinitro-2-propoxypyridine 177 
9-a-Ethoxyethylideneamino-6,8-dimethylpurine 133 
9-Formamido-6-methylpurine-2-one 181 
9-Formamidopurine-2-one 181 
4-Methoxy-6-methyl-?-nitro-1,2,3a,5-tetra-azaindene 141 
3-Methyl-?-nitro-1,2,3a,5-tetra-azaindene-4-one 
and sodium salt 149 
6-Methyl-?-nitro-1,2,3a,5-tetra-azaindene-4-one 
and sodium salt 143 
?-Nitro-1,2,3a,5-tetra-azaindene-4-one 
and sodium salt 148 
4-Propoxypteridine 173 
a New compounds are italics. - 1 n 
b Not isolated but identified by U • V • spectrum. 
C Not isolated but identified by U • V • spectrum -
and conversion in to the 5,6-methanol-adduct. 
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Aza -analogues of Pteridine. Part I. 1,2,4,6,8- Penta-azanaphthalene and 
Some Met hyl, D ihydro-, and 5-Alkoxy-derivatives 
By M. E. C. Biffin, D . J. Brown,• and T . Sug imoto, Department of M edical Chemistry, John Curt in School of 
Medical Research, Canberra, Australia 2600 
Synthetic routes to 1.2-dihydro-1.2.4.6.8-penta-azanaphthalene and its mono-. di- . and tri-methyl derivatives have 
been developed. Oxidation by silver oxide in aprotic media gave the fully aromatic 1.2.4.6.8-penta-azanaphthalenes 
(pyrimido[5.4-e]-as-triazines). of which the 3-methyl-. 3.7-dimethyl, and 3.5.7-trimethyl derivatives were 
sufficiently stable for complete characterization. Covalent addition of methanol to those aroma tic compounds 
lacking a 5-methyl group gave 5.6-adducts which were isolated and dehydrogenated by silver oxide to the corre-
sponding 5-methoxypenta-azanaphthalenes. 1H N.m.r. spectra confirmed the structures and those of two 
products. 9-amino-2.6-dimethylpurine and 4.6-di methyl- 7-nitro-1 .2.3a.5-tetra-azaindene. formed abnormall y 
from appropriate 4-hydrazinopyrimidines and triethyl orthoformate. The u.v. spectrum of each penta-azanaphthal-
ene in cyclohexane exhibited a well defined n ~ 7T• transition band with centre ca. 500 mµ. 
FEW simple pteridines bearing a strongly electron-
withdrawing substituent are known.1 The properties 
of such pteridines are therefore largely unknown, but 
they should approximate to those of pteridine aza-ana-
logues, in which a carbon atom has been replaced by a 
doubly bound nitrogen atom. The 1,2,4,6,8-penta-
azanaphthalenes (I) are of particular interest in that the 
biologically active dioxo-derivatives, fervenulin 2 and 
toxoflavin,3 occur naturally. Although most previous 
work in the series has been aimed at the synthesis of 
these compounds 4 or their analogues 5, 6 we have sought 
to prepare the parent heterocycle (Ia) and its simple 
derivatives. The 1,2-dihydro-system (II), used as an 
intermediate in our syntheses, has already been de-
scribed.i-lO 
The synthesis and reactions of 3-methyl-1,2,4,6,8-
penta-azanaphthalene (lb) are typical in the present 
work. 4-Hydrazino-5-nitropyrimidine 11 and triethyl 
orthoacetate gave the ethoxyethylidene derivative (Illb) 
which on hydrogenation was cyclized to the dihydro-
compound (Ilb). This was oxidized by silver oxide in 
anhydrous tetrahydrofuran containing barium oxide to 
give the deep red aromatic penta-azanaphthalene (lb); 
in the absence of barium oxide to remove the water 
produced during oxidation, an unstable yellow hydrated 
product was isolated. Similar material was obtained 
when the red product was exposed to moist air. Al-
though this suspected covalent 5,6-hydrate could not be 
purified satisfactorily owing to its instability, two 
corresponding alcoholates were obtained in a pure state; 
evaporation of a methanolic or ethanolic solution of the 
penta-azanaphthalene (lb) gave the covalent adduct 
(!Vb) or its 5-ethoxy-homologue respectively. Both 
1 J. Clark,]. Chem. Soc. (C), 1967, 1543. 
2 C. DcBocr, A. Dietz, J. S. Evans, and R. 11. :Michaels, Anti-
biotics Ann., 1959- 1960, 220; J. E. Elbe, E. V. Olson, C. :\I. 
Lange, and J . vV. Shell, ibid., p . 227; K. Tanabe, Y. Asahi, M. 
Nishikawa, T. Shima, Y. Kuwada, T. Kanzawa, and K. Ogata, 
Ann. Reports Takeda Res. Lab ., 196:1 , 22, 133; G. D . Daves, 
R. K. Robins, and C. C. Cheng, ]. 01'g. Chem., 1961, 26, 5256. 
3 A. G. van Veen and Vv. K. :'vicrtens, Rec. Trav. chim., 1934, 
53. 257 and 398; P.A. van Damme, A.G. Johannes, H. C. Cox, 
and \V. Berends, ibid., 1960, 79 . 255. 
4 W. Pfleiderer and R. K. H. Schi.indehi.itte, Annalen, 1958, 
615 , 42; E. C. Taylor and F. Sowinski, ]. A mer. Chem. Soc., 
1968, 90. l:!74; G. D. Daves, R. K. Robins, and C. C. Cheng, 
ibid., 1961 , 83. 3904 and 1962 , 84, 1 724 . 
were converted by oxidation in methanol with silver 
oxide into the fully aromatic 5-methoxy-derivative (le), 
also obtained in one operation by similar oxidation of the 
2 R2 R2 
1 N R R'f"'NJC: 02NC N R04 )J)N ;.-- I N 
N 21 sJJR3 HN,N N~R3 R\EtO) C:NH·N ~ N)R3 :::-N N 
H 
(ll (II) (11 Jl 
R
2 
OMe R2 N Me 
R
1(NCNH Hfi(N ( r.::N 
N::::,N N~ 3 R1HN·HN::-...N)R3 N I N)Me 
(IV) 
Me 
G.iN~ N 
R
1 
HN·HN~ .)R3 
N 
(Ylll 
a: R 1 = R 2 = R 3 = H 
(Vl 
b : R 1 = :\Ie, H. 2 = R 3 = H 
c: R 1 = l\Ie, H.2 = OMe, 
R 3 - H 
d: R 1 = R 2 = H, R 3 = Me 
c: R 1 = R 3 = Me, R 2 = H 
f: R 1 --= R 2 ~ R 3 = Mc 
NH2 
Me 
02N~N 
N~ N)JMe 
\ ~ 
N (Villi 
(Vil 
g: Rl = R3 = H, R 2 = 11e 
h: R I = H, R 2 = R 3 = Me 
i: Rl = R 2 = Me, R 3 = H 
j : RI = R3 = H, R2 = Ol\1e 
k: R 1 = H, R 2 = OMe, 
R 3 = :Vie 
I : Rl = R3 = Me, R 2 = OMe 
1,2-dihydro-compound (Ilb). A rational course for t he 
latter reaction involving the sequence (Ilb) ~ (l b) ~ 
(!Vb) ->- (le) has been suggested.12 Such methoxylation 
during oxidation has not been reported in the pteridine 
5 T. K. Liao, F. Baiocchi, and C. C. Cheng, ] . Org. Chem., 
1966, 31. 900. 
6 C. Temple, C. L. Kussner, and J. A. l\1ontgomery, ]. 
Heterocyclic Chem., 1968, 5, 581. 
7 J . A. Montgomery and C. Temple, ]. Amer. Chem. Soc., 
1960, 82. 4592. 
a E. C. Taylor, J. W. Barton, and W. W. Paudlcr, ]. Org. 
Chem., 1961, 26. 4961. 
9 J. B. Pol ya and G. F. Shanks, ]. Chem. Soc., 1964, 4986. 
10 J. A. :\fontgomcry and C. Temple, ]. Org. Chem., 1963, 28, 
923 and 3038. 
11 :V1. E. C. B1ffin, D. J. Brown, and Q. N. Porter, ]. Chem. 
Soc. (C). 1968, 2159. 
12 M. E. C. Biffin and D. J . Brown, Tetrahedron Letters, l 96~, 
2503. 
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eries although the oxidation 13 of covalent hydrates to 
the corresponding hydroxypteridines may be analogous 
to the last step in the process . The structure (Ic) was 
confirmed by an independent synthesis: 4-hydrazino-
6-methoxy-5-nitropyrimidine 14 was converted into its 
ethoxyethylidene derivative (IIIc) which underwent 
reductive cyclization to the dihydro-compound (Ile); 
subsequent dehydrogenation gave the methoxypenta-
azanaphthalene (I ) . 
The parent 1 ,2-dihydro-compound (Ila) and its 
7-methyl (IId), 3,7-dimethyl (Ile), and 3,5,7-trimethyl 
(!If) derivatives were made similarly via the nitro-
pyrimidines (Illa, d, e, and f, respectively). However, 
direct treatment of the 5-aminopyrimidines (V g or h) 
with triethyl orthoformate proved a better route to the 
5-methyl and 5,7-dimethyl analogues (Ilg and h), 
providing neutral conditions were maintained; under 
acidic conditions, 9-amino-2,6-dimethylpurine (VI) was 
formed from the pyrimidine (Vh), probably because 
protonation at the ~-nitrogen of the hydrazino-group 
redirected acylation to the 5-amino-group with sub-
sequent formation of an imidazole ring on cyclization 
(cf. refs. 7 and 8). A third method, involving reductive 
cyclization of the simple acylated hydrazinopyrimidines 
(VII; R 1 = Ac, R 3 = H) and (VII; R1 = CHO, R3 = 
Me), gave the 3,5-dimethyl analogue (Ili) and an alterna-
tive route to its isomer (IIh); attempts to make isomer 
(IIh) via the ethoxymethylenepyrimidine (IIIh) led only 
to 4,6-dimethyl-7-nitro-l ,2,3a,5-tetra-azaindene (VIII), 
by a type of reaction observed previously.5 
The dihydro-compounds were oxidized by silver oxide 
in tetrahydrofuran to the corresponding penta-azanaph-
thalenes (I). The structures of these were confirmed by 
the u.v. spectra (Table 1) of their solutions but only the 
3,7-dimethyl and 3,5,7-trimethyl derivatives (le and f) 
survived sublimation prior to analysis. In addition, 
those compounds (Ia, d, and e) lacking a 5-methyl group 
were converted into their methanol adducts (!Va, d, and 
e), which were subsequently aromatized to the 5-meth-
oxypenta-azanaphthalenes (I j, k, and 1) respectively. 
The blocking effect of a methyl group 15,16 at the potential 
reaction site prevented the 5-methylpenta-azanaphthal-
enes (If, g, h, and i) forming 5,6-adducts with methanol; 
instead, a mixture of decomposition products resulted 
in each case. The penta-azanaphthalenes, their meth-
anol adducts, and their 1 ,2-dihydro-derivatives all 
changed fairly rapidly (with darkening) in aqueous 
solution. However, a fresh solution of the 3,7-dimethyl 
compound (le) in D20 howed a clean 1H n.m .r. spectrum, 
indicating covalent 5,6-hydration by the hift of the 5-H 
signal from -: 0·20 to 3·87 (on transfer from CDC13 to 
D20; Table 2) (cf. ref. 17). 
Thus, at lea ·tin their ability to form isolable methanol 
adduct , 1 ,2,4,6,8-penta-azanaphthalene and its alkyl 
13 A. Albert, D. J Bro\\'n. a nd G. Cheeseman, J. C/z('lll. Soc., 
1952, 1620 ; D. J . Brown and S. F. ;\Iason, ibid, 1956. 344:l; A. 
Albert , ] . H . Lister and C Pedersen, ibid., 1956, 4621 , N. W . 
Jacob -en, ]. Chem oc. (C), 1966 , l0H3 
a ~I. E C Biffin, D. J . Brown, and T.-C. Lee, Austral. ]. 
Chem ., 1967, 20, 1041. 
J. Chem. oc. (C), 1970 
derivatives re emble 4-ethoxycarbonylpteridine, which 
has an electron-withdrawing group,1 rather than un -
substituted pteridine, which exists only partly as an 
adduct even in aqueou 17 or alcoholic 18 solution. The 
5,6-bond in penta-azanaphthalene, being even more 
polarized by electron-withdrawal than the corre ponding 
3,4-bond in pteridine, is the more prone to addition of 
Compound 
TABLl: 1 
U. \ ' . spectra 
and solvent" Amax. (loge:) 1, 
(Ia) c C < 220, 297, 308, 318, 465 
(lb) C 211 (4·24), 301 (3·60), 308 (3·70), :11:3 (3·7i), 3~0 
(3·71), 325 (3·66), 360 (2·54), 530 (2·01) 
(le) E 229 (4 ·25), 253 (-3·51), 330 (3·76), :Hrn (2·40), 475 
(2·40) 
(Id) r C 272, 302 , 313, 321, 326, 360, 4 70 
(Ie) C 214 (4·35), 23:; (.1·75), 30.<J (3·6.i), ,116 (3·7.jJ, 321 
(3·80). 329 (:3-76), 3:rn (3·71), .3(].'j (2·72). 5;30 
(2· 14) 
(If) C 218 (4·33), 320 (3·75), 325 {:{·77), 3,32 (,3 ·75), 370 
(2·53), 525 (2·14) 
(lg) C C 
(Ih) C C 
(Ii) C C 
(Ij) M 
(Ik) E 
(II) E 
215, 248, 29.9, 309, 317, 360, 525 
305, 316, 324, 36-5, 505 
250, 305, 312. 317, 324. ,3.30, 360, 5:rn 
227 (4·35), 254 (3 ·.38), 323 (3·77), 475 (2·2:l) 
228 (4·25), 252 (:3-58), 328 (3·69), 460 (:?·56) 
230 (4·24), 254 (3·91), 337 (3·70), 38.5 (.1·:!l), 4GO 
(2·25) 
(Ila) E 216 (4·31), 2:J8 (3·68), 272 (3·31) , 3:l..t (:{·72) 
(Ilb) E 217 (4·18), 23-5 (3·60), 268 (3·25), 3:3-t (:H:>5) 
(IId) E 218 (4 ·17), 240 (.3·-53), 272 (3·30) , 3:rn (:Hil) 
(Ile) E 218 (4·20), 240 (,3·.55), 265 (3·21 ), ;3:17 (:l-65) 
(llf) M 222 (3·81), 283 (4 ·09), ,305 (4·01) 
(Ilg) E 220 (3·95), 279 (3·82), 309 (3·76) 
(IVa) M 229 (3·60), 273 (3 ·89), 316 (3·66), :rn6 (2·6:l) 
(IV d) :VI 2:l4 (:3-66), 271 (3·90), 320 (:3·61), 380 (2·6.J) 
(IVe) M 234 (3·69), 270 (3·97), 325 (3·60), 3.90 (2·64) 
(VI) d 7·0 246 (3·68). 265 (3·87) 
l ·O 267 (3·75) 
(VIII) E 218 (4·21), 265 (3·52), 324 (3·50) 
7-NH 2 • E 211 (4·09), 278 (4·11), 290 (4·07) 
a C = Cyclohcxane; E = ethanol; M = methanol; numeral 
= pH of aqueous buffe r. b Inflections or shoulders in italics . 
c Crude product from freshl y oxidized solution of 1,2-dihydro-
derivativc . d pl{,. 3·85 :± 0·04 (20°) . • Analogue of (VIII). 
methanol; the resulting adduct must be stabilized by 
resonance (cf. ref. 1). The remarkable stability of the 
alcohol or water adduct of 2-pteridone and related com-
pound 13 depends on a different type of tabilizing reson-
ance .15 
The number of methylated derivatives available per-
mitted unequivocal assignment of peaks in the 1H n.m .r. 
spectra (Table 2). In the fully aromatic derivatives the 
order of -: values for C-protons (or methyl group ) is 
3 < 7 < 5; a 5-methoxy-group cause a small upfield 
shift for protons; hydrogenation of the 1 ,2-bond results 
in an appreciable general upfield shift which i especially 
marked for 3-H; and adduct formation across the 
5,6-bond cau es a imilar upfield shif t which is especially 
great for 5-H. The rationality of these ob~ervations 
15 
:\ . • \l bert and \V . L. F. Armarego, .-1 dv. H1 trmcychc Chem., 
1965, 4, 1. 
10 .\ . \l bert and F . Reich, J. Ch('m. Soc., 1961, 127 , .\ . Albert 
and C. F . Ho\\"ell, 1b1d . 1962, 1591. 
17 
.\ . Albert , T. J. Battcrham, and J . J. :\IcCormack , / . Ch('m. 
S oc. (R). l !Hi6. I l O:'i 
18 T. J . Batterham, p ersonal communication . 
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serves to con firm the structures involved; in addition, 
the spectra of the purine (VI) and tetra-azaindene 
(\.III) arc consistent with such structures. 
Compd. 
( l l>) 
(Ic) 
(k) 
TABLE 2 
1H X.m .r. spectra 
Peaks (,) a 
}le: G·li8; 5-II: 0·25; 7-H : 0·06 
;\le: u·i7; l\IeO: 5·68; 7-H : 0·92 
7-}le: (HW ; 3-:\Ie : 6·74 ; 5-H: 0·20 (7-Me: 7·63 ; 
:!-}le: 7 · 14; 5-H: :3-87) b 
(If) 5-:\Ie: 7·01; 7-"\Ie: 6·95 ; 3-Me: 6·79 
(Ij) :\Ic0 : 5·64; 7-H: 0·86; 3-H: -0· 18 
(lk) }le : 7·10 ; }IeO: 5·68 ; 3-H: -0·11 
(II) 7-l\le: 7·14 ; 3-l\Ie: 6·8; l\IeO: 5·69 
(Ila) 3-H : 3·61 c (d, J 3) ; 5-H: 3·08; 7-H: 2·25; l,2-H 2 : 
1·92br,d 1·20br d 
(IIb) }le: 8·44; 5-H: 3· 10; 7-H: 2·27; l ,2-H 2 : l ·83br,d 
l ·20br d 
(IId) :\Ic : 7·99; 3-H: 3·74 r (d, ] 3); 5-H: 3·30; l,2-Il 2 : 
2·12br,d 1·4lbrd 
(IIe) 3-l\Ic: 8·46; 7-~Ie: 7·93; 5-H: 3·10; 1,2-H 2 : 1·86br,d 
(l If) 
(l \ 'b) 
G-Et0 ' 
l · l 9br d 
3-l\Ic : 7·77; 5-::\Ic : 7·21; 7-Me: 7· 12 
"\le : 7·25; MeO: 6·77; 5-H: 4·25 ; 7-H: 2·23 
EtO: 8·9 (t , J 7), 6·41 (q, J 7); Me: 7·25; 5-H : 
4·20; 7-H: 2·25 
(l\"a) MeO: 6·72; 5-H: 4·20; 7-H: 2·15br; 3-H: 0·4-1 
( [\' cl ) 1\1e: 7·78; l\Ic0 : 6·78; 5-H: 4·30; 3-H: 0·51 
(l \ 'l'} 7-i\Ic: 7·78; 3-l\Ic: 7·26 : MeO: 6·75; 5-H : 4-:30 
(\'I) f :2 ,6-l\Ic2 : 6·85, 6·71; 8-H: 0·59 (VIJT) 4-Me: 7·26; 6-Me: 7·01; 3-H: 1·20 
7-Nlf 2 ' 6-1\Ic : 7·62; 4-l\Ic: 7·26; NH2 : 4·5lbr; 3-H: 1·51 
" R ela tive to l\,le4Si; compounds (I) in CDC13 , others in (CD~) 2SO; singlet unless otherwise indicated; J in c./sec. 
1> In DzC). c Collapsed to a singlet on addition of D 20. 
t1 Disappeared on addition of D 20. • Analogue of compound 
immediately above. f In CF3·C02H . 
The u.v. spectra of the penta-azanaphthalenes (I) in 
cyclohcxane (Table 1) resemble that of pteridine in 
general shap<>: the most intense peak at <220 mµ, a 
w 
en 
0 
4·0 
2·0 
240 1.00 
A (m)J) 
~ 
\ 
560 
U.v. absorption in cyclohexane of pteridine (A; from ref. 19) 
and 3-mcthyl-1,2,4,6,8-penta-azanaphthalene (B) 
doubly shouldered peak at 300- 325 mµ, and a broad 
peak of low intensity at ca. 500 mµ. This last band (see 
Figure) accounts for the characteristic red colour of the 
compounds and represents an unusually prominent 
n ~ rr * transition of the type just visible 19 in the 
spectrum of pteridine (387 mµ) and better defined in 
those of 1,4,5,8-tetra-azanaphthalene (402 mµ), 3,4-benzo-
cinnoline (404 mµ), and 1,2,4-triazanaphthalene (458 
mµ) .20 Alcoholic solutions of the 5-methoxy-derivative 
(Ij) and related compounds also show this transition, 
19 A. Albert, ' H eterocycl ic Chemistry,' Athlone Press, 
London, 2nd ed n ., 1968, pp. 382, 403. 
20 S. F. ::\Iason , ]. Chem. Soc., 1962, 493. 
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albeit at a rather shorter wavelength (ca. 475 mµ). 
Most of the 1,2-dihydro-derivatives (II) exhibit spectra 
with the most intense peak at ca. 220 mµ, and two peaks 
of equal intensity at ca. 270 and 330 mµ; in the spectra 
of those with a 5-methyl group, the longest wavelength 
band underwent a marked hypsochromic shift to ca. 305 
mµ. The 5,6-adducts (IV) each showed a spectrum with 
four peaks of approximately equal intensity at 230, 270, 
320, and 390 mµ. 
EXPERIMENTAL 
Analyses were done by Dr. J. E. Fildes and her staff. 
1H N.m.r. spectra were recorded by Mr. S. E. Brown 
(60 Mc./sec.; 33°) and u.v. spectra were measured with a 
Shimadzu RS27 recording spectrophotometer; "A and max. 
e: values were confirmed with a Uvispek manual instrument. 
l,2-Dihydro- 1,2,4,6,8-penta-azanaphthalene.-(a) 4-Hydra-
zino-5-nitropyrimidine 11 (2·8 g.) and triethyl orthoformate 
(30 ml.) were heated under reflux until the mixture was 
homogeneous (ca. 5 min.). The cooled solution deposited 
4-(2-ethoxymethylenehydrazino)-5-nitropyrimidine (3·0 g.), 
m.p. 149-151 ° (from ethanol) (Found: N, 33· l. C7H 9N 50 3 
requires N, 33·2%). The pyrimidine (2·02 g.) was hydro-
genated in ethanol (400 ml.) over palladium-carbon (20%; 
0·35 g.) at 20° /760 mm. The calculated volume of hydrogen 
was absorbed during 12 hr. The mixture was heated under 
reflux for 2 hr. and filtered. Treatment with charcoal and 
concentration in vacuo to ca. 5 ml. gave the dihydropenta-
azanaphthalene (72%). m/e 135, m.p. <j:: 350° (from ethanol) 
(Found: C, 44·3; H, 3·8; N, 51·7. C5H 5N 5 requires C, 
44·4 ; H, 3·7; N, 51·8%). Its picrate had m.p. 197° (from 
water) (Found: C, 34·9; H, 2·7; N, 29·1. C11H 5N 80 7,H20 
requires C, 34·6; H, 2·6; N, 29·3%). 
(b) 5-Arnino-4,6-dichloropyrimidine 21 (l ·5 g.) and hydraz-
ine hydrate ( l ·2 g.) in methanol (25 ml.) were heated under 
reflux for 1 hr. After addition of water (7 ml.), the solution 
was evaporated under reduced pressure to ca. 10 ml. Re-
frigeration gave a solid which was washed with water (5 ml.); 
concentration of the filtrate and washings gave a second 
crop. The total yield of 5-amino-4-chloro-6-hydrazino-
pyrimidine, m.p . 184°, was 86% (cf. lit.,7 40%, m .p. 184°). 
After dechlorination,7 the 5-amino-4-hydrazinopyrimidine 
hydrochloride (0·25 g.), mixed with water (3·0 ml.) contain-
ing sodium pyrosulphite (0·05 g.), was covered by a layer 
of triethyl orthoformate (30 ml.). Solid sodium hydrogen 
carbonate (0· 15 g.) was added with stirring. After dissolu-
tion was complete, ethanol (10 ml.) was added and the 
mixture was heated under reflux for 2·5 hr. Evaporation 
in vacuo and recrystallization of the residue from ethanol 
gave the dihyclropenta-azanaphthalene (83%). 
Oxidation of l,2-Dihydro- 1,2,4,6,8-penta-azanaphthalene.-
(a) The dihydro-derivative (0· 17 g.), silver oxide (2·0 g .), 
and barium oxide (3·0 g.) were stirred in anhydrous letra-
hydrofuran (140 ml.) for 11 hr. at 25°. The filtrate was 
added to methanol (100 ml.). set aside for 2 hr., treated with 
charcoal, and evaporated to dryness under reduced pressure . 
The residual 5, 6-dihydro-5-methoxy- l , 2, 4, 6, 8-penta-azanaph-
thalene (39%) had m .p . 150° (decomp.) (from methanol), 
v 3200 cm.- 1 (NH) (Found: C, 43·7 ; H, 4·65; N, 42·6. 
max. 
C6H 7N 50 requires C, 43·6; H, 4·3; N, 42·4%). (b) l,2-Dihydro-1,2,4,6,8-penta-azanaphthalene (0· 14 g .) 
21 R. K . Robins, K. L. Dille, and B. E. Christensen, ]. Org. 
Chem., 1954, 19, 930. 
- . . , , . ' , . . . • . , , . . . ,- . , ~ - ,I , . . : 
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and silver oxide (l·O g.) were stirred in methanol (20 ml.) 
for 16 hr. at 25°. Evaporation of the filtrate gave the 
dihydromethoxy-compound (51 %). 
(c) The same substrate (O· l g.) and silver oxide (2·0 g.) 
were heated under reflux in methanol (25 ml.) for 16 hr. 
The filtrate was concentrated to ca. 1 ml. Refrigeration 
gave a solid which was washed with ether. The undis-
solved material was the dihydromethoxy-compound (30%). 
The filtrate and washings were evaporated to dryness. 
Extraction with boiling light petroleum (b.p. 60--80°; 
3 X 80 ml.) and concentration gave orange 5-methoxy-
1,2,4,6,8-penta-azanaphthalene (48%), m.p. 100° (after 
sublimation at 75°/0·5 mm.) (Found: C, 44·45; H, 3·0; 
N, 42·6. C6H 5N 50 requires C, 44·2; H, 3·1; N, 42·9%). 
1, 2-Dihydro-3-metlzyl- l , 2, 4, 6, 8-penta-azanaphthalene .-
Treatment of 4-hydrazino-5-nitropyrimidine 11 with triethyl 
orthoacetate (as for the corresponding formate) gave 
4-[2-( r:1.-ethoxyethylidene) hydrazino ]-5-nitropyrimidine (85 % ) , 
m.p. 139-141 ° (from ethanol) (Found: C, 42·9; H, 5·1; 
N, 30·8. C8H 11N 50 3 requires C, 42·7; H, 4·9; N, 31·1%) . 
Reductive cyclization as before gave the dihydro-3-methyl-
penta-azanaphthalene (64%), m.p. -4:: 350°, m/e 149 (Found: 
C, 48·4; H, 4·7; N, 46·8 . C6H 7N 5 requires C, 48·3; H, 
4·7; N, 47·0%) . Its picrate had m.p. 205° (from water) 
(Found: C, 37·8; H, 2·8; N, 29·6. C12H 10N 80 7 requires C, 
38· l; H, 2·7; N, 29·6%). 
3-M ethyl- I, 2, 4, 6, 8-penta-azanaphthalene .-The dihydro-
derivative (0·065 g.), silver oxide (1·2 g.), and barium oxide 
(l ·5 g.) were stirred in tetrahydrofuran (25 ml.) for 16 hr. at 
25°. The filtered solution was evaporated to dryness in 
vacuo; sublimation of the residue (35° /0·05 mm.) gave red 
crystals of the penta-azanaphthalene (41 %), m.p. 81-82° 
(Found: C, 49·2; H, 3·6; N, 47·3. C6H 5N 5 requires C, 
49·0; H, 3·4; N, 47·6%). Attempts to avoid the highly 
basic reagents, silver oxide and barium oxide, by use of 
manganese dioxide and anhydrous magnesium sulphate, 
failed to oxidize the dihydro-compound. 
5-Methoxy-3-methyl-1,2,4,6,8-penta-azanaphthalene.- (a) 
The 1,2-dihydro-3-methyl derivative (0·065 g.), silver 
oxide (l·O g.) and methanol (10 ml.) were stirred for 1 hr. at 
25°. Filtration (kieselguhr) and evaporation gave the 
5-nietlzoxy-3-methyl compound (0·03 g.), m.p. 169° (after 
sublimation at 80° /0· l mm.), m/e 177 (Found: C, 47·3; H, 
4·0; N, 40·15. C7H 7 .. 50 requires C, 47·45; H, 4·0; N, 
39·55%). 
(b) 4-Hydrazino-6-methoxy-5-nitropyrimidine 14 (2·0 g .) 
was added m portions during 5 min. to triethyl ortho-
acetate (30 ml.) at ca. 25°. Stirring was continued for 30 
min. and the yellow 4-[2-(r:1.-ethoxyethylidene)hydrazino]-
6-methoxy-5-nitropynmidine (2·0 g.) was filtered off; m.p. 
140 -142° (from ethanol) (Found: C, 42·65; H, 5·2; N, 
27·0. C9H 1J • 40 4 requires C, 42·35; H, 5· l; N, 27·4%). 
Hydrogenation of the nitro-compound (0·80 g.) in ethanol 
(60 ml.) over palladium-carbon (5%; 0·8 g.) gave 1,2-di-
hydro-5-metlwxy-3-methyl-l, 2,4, 6, 8-penta-azanaphthalene 
(0·32 g.), m.p. 172° (from water) (Found: C, 44·9; H, 5·6; 
N, 37·8. C1H 01\0,0·5H20 requires C, 45·1; H, 5·4; N, 
37·6%). Its pzcrate had m.p. 168-170° (Found: N, 25·5. 
C13H 12 • ' 80 ,2H 20 requires K, 25·2%). The dihydro-
compound (0·10 g) in methanol (10 ml.) was stirred with 
silver o.·ide (l·O g) for 1 hr. at 25°. The solution was 
filtered and evaporated. Sublimation gave 5-methoxy-
J. Chem. Soc. (C), 1970 
3-methylpenta-azanaphthalene (0·06 g.), identified by mixed 
m.p. The same oxidation occurred slowly when a methano-
lic solution of the dihydro-compound was exposed to air. 
(c) The 1,2-dihydro-3-methylpenta-azanaphthalene (0·065 
g.) was oxidized by silver oxide in tetrahydrofuran as before. 
The filtered red solution was diluted with methanol (10 ml.). 
After 1 hr. the now yellow solution was evaporated to give 
5, 6-dihydro-5-methoxy-3-methyl- l, 2, 4, 6, 8-penta-azanaphthal-
ene as an unstable orange solid, m.p. 213-214° (Found: 
m/e, 179·082. C7H 9N 50 requires M, 179·085). Its 5-ethoxy-
homologue was made similarly except that 12 hr. were allowed 
for reaction with ethanol. It had m.p. 114° (Found: m/e 
193·095. C8H 11N 50 requires M, 193·100). Oxidation of 
either alkoxy-derivative (0·03 g.) with silver oxide (0·50 g.) 
in methanol (5·0 ml.) gave 5-methoxy-3-methylpenta-
azanaphthalene (0·01 g.), identified by mixed m.p. 
1,2-Dihydro-7-metlzyl- l, 2,4, 6,8-penta-azanap!tthalene.-
4-Chloro-6-methoxy-2-meth yl-5-nitropyri midine 22 (31 g.) 
in ethanol (1000 ml.) was stirred at -10° while hydrazine 
hydrate (16 g.) in ethanol ( 150 ml.) was added during 15 min. 
After 40 min. the 4-hydrazino-6-metltoxy-2-methyl-5-nitro-
pyrimidine (85%) was filtered off; m.p. 144-145° (from 
methanol) (Found: C, 35·9; H, 4·8; N, 35·8. C6H 9 ~ 50 3 
requires C, 36·2; H, 4·55; N, 35·2%). The hy<lrazino-
pyrimidine (10 g.) and silver oxide (33 g.) were stirred in 
methanol (500 ml.) at 50-55° for 2 hr. The residue from 
evaporation of the filtrate was extracted by boiling light 
petroleum (b.p. 60-80°). Removal of the solvent gave 
4-methoxy-2-methyl-5-nitropyrimidine (3·7 g.), m .p. 48° 
(from light petroleum) (Found: C, 42·65; H, 4·4; N, 24·8. 
C6H 7N 30 3 requires C, 42·6; H, 4·2; N, 24·8~0 ). This 
methoxypyrimidine (3·0 g.) in methanol (30 ml.) was main-
tained at -5° while hydrazine hydrate (l · l g.) in methanol 
(15 ml.) was added during 15 min. After a further 15 min., 
filtration gave 4-hydrazino-2-methyl-5-nitropyrimidine (2· l 
g.), m.p. 152° (from methanol) (Found: C, 35·5; H, 4·0; 
N, 41·0. C5H 7N 50 2 requires C, 35·5; H, 4·2; ~. 41·4%). 
Oxidation (cf. ref. 23) of the hydrazinopyrimidine (0·25 g .) 
with silver oxide (l·O g.) in methanol (20 ml.) gave 2-methyl-
5-nitropyrimidine (0·13 g.), identified with authentic 
material 23 by mixed m.p. (59°). The hydrazinopyrimidine 
(l ·3 g.) and triethyl orthoformate (10 ml.) were boiled under 
reflux for 5 min. After cooling, filtration gave 4-(2-ethoxy-
methylenelzydrazino)-2-methyl-5-nitropyrimidine, m .p. 117-
1190 (from ethanol) (Found: C, 42·65; H, 4·9; • ·, 31 ·4. 
C8H 11N 50 3 requires C, 42·3; H, 4·9; X, 31 ·4°,0 }. Reductive 
cyclization (as for the 2-dcmethyl homologue) gave the 
1,2-dihydro-7-methylpenta-azanaplzthalene (63%), m .p. 
<j:::350°, m/e 149 (Found: C, 47·9; H, 4·5. C6H 7);'5 requires 
C, 48·3; H, 4·7%). The p1crate had m .p . 198- 199° (from 
·water) (Found: C, 36·3; H, 3·0; N, 28· l. C 12H 10X 80 7,H20 
requires C, 36·4; H, 3·0; ~. 2 ·3%). 
Oxidation of 1,2-dihydro-7-metlz.vl- I,2,4, 6,8-penta-azanapll-
tlzalene.-(a) The dihydro-derivative was oxidized in tetra-
hydrofuran like its 7-demethyl homologue . The filtrate 
was diluted ,vith methanol as before to give yellow 5,6-di-
h ydro-5-metho;~y-7-methyl- l, 2, 4, 6, 8-penta-azanaplzthalene 
(80° 0 ). m.p. <j::: 300° (from methanol) (Found· C, 46·9; H, 
5·0; • ·, 38·8 . C,H 9 ~ 50 requires C, 46·9; H , 5·1; - , 
:39· l ~0 ). 
(b) The dihydro-derivative was oxidized in methanol like 
its 3-methyl i omer to give 5-methoxy-7-metlnl-I ,2,4 ,6, -
22 R. Urban and 0. Schnider, Helv. Chim. Acta, 195 , 41, 23 ~r E. C. Biffin, D. J . Brown, and T.-C. Lee,]. Chem. Soc, 
1806. 1967, 5i3. 
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penta-azanaphtlzalene (15%), m.p. 110° (after sublimation at 
f,0°/0·5 mm.), ni/e 177 (Found: C, 47·7; H, 4·25; N, 39·6. 
C)·I 7);50 requires C, 47·45 ; H, 4·0 ; N, 39·55 %)-
1, 2-])i hydro-5-metlzyl- l , 2,4, 6,8-penta-azanap!tthalene .-
Formamidine acetate (62 g.) was added to ice-cooled 
methanolic sodium methoxide [800 ml.; sodium (37·2 g.)]. 
To the resulting solution was added during 25 min., a 
suspension of ethyl p-chlorophenylazoacetoacetate 24 (108 
g .) m methanol (800 ml.). Vigorous stirring was maintained 
for 4 hr. and the mixture was then heated under reflux for 
2 hr. After refrigeration the solid was collected, dissolved 
in hot water (24 1.), and acidified to pH 3-4. The red 
crystalline 5-p-chlorop!zenylazo-4-hydroxy-6-met!zylpyrimid-
rne (80%) had m .p. 144° (from ethanol), Amax. (EtOH) 
230 (loge: 4· 14), 280 (3·80), 360 (4· 11), and 465 (3·02) (Found: 
C, 53·2; H, ;~.7; N, 22·4 . C11H 9Cli\40 requires C, 53· l; H , 
:H\5; ;\, 22·5%). The azopyrimidine (60 g.) in methanol 
(750 ml.) was hydrogenated over Raney nickel (20 g.) at 
;")() atmos. and 25° for 14 hr. Then the temperature was 
raised to 75° and maintained there for 10 hr. The filtered 
solution was concentrated under reduced pressure . The 
!->Olicl was filtered off and washed with ether. The filtrate 
and washings were concentrated further to an oily residue 
which \Vas boiled with ether to give a second crop. The 
combined solids were recrystallized from ethanol to give 
!i-amino-4-hyclroxy-6-methylpyrimidine (70 %), m .p. 218-
2190 (lit., 8 221-222°) (Found: C, 47·9; H, 5·5 ; :K , :l3·:{ . 
Cale. for C5H;N 30: C, 48·0; H , 5·6; N , 33·6 %)-
A second route to this pyrimidine involved condensation 
of et hyl p-chlorophenylazoacetoacetate 24 (27 g.) with 
thiourea. (7·6 g.) in methanolic sodium methoxide [(400 ml.; 
sod ium (5·0 g.)J. After heating under reflux for 2 hr. the 
sodium salt was removed, suspended in water, and acidified 
to gi vc 5-p-c/ilorophenylazo-4-hydroxy-2-mercapto-6-methyl-
pyri midine (80 %). m.p. <{'.:: 330° (from ethanol), )'max. (EtOH) 
242sh (loge: 3·98), 280sh (3·7:3), and 398 (4·56) (Found: C, 
41\·9 ; H , :~ ·4; :K, 19·85. C11H 9C1N40S requires C, 47·1; 
H , 3·2 ; N, 20·0%). This was reduced by sodium dithionite 
lo the 5-amino-analogue 8 (50%), which was desulphurized. 8 
A third route to 5-amino-4-hydroxy-6-methylpyrimidine 
,·ia its fi -nitro-analogue proved impractical because of poor 
yields in the following process. 4,6-Dichloro-5-nitro-
pyrimidinc 2;, (15 g .), diethyl malonate (25 g .), and light 
pe troleum (b .p . 40-60°; 85 ml. ) were stirred vigorously and 
maintained at 25° while l lr-;-sodium hydroxide (31 ml.) 
\\·as added during 15 min . The red oily material was 
extracted into water. The aqueous solution was shaken 
with a little ether and then acidified to give a yellow oil 
which was removed in fresh ether. Distillation of this 
extract gave crude diethyl ix-(4-chloro-5-nitropyrimidin-
4-yl )malonate (12 g.; cf. ref 26), b .p. 62-72°/0·5 mm. [v max. 
1745 (C02Et) and 1570 and 1540 (N02) cm.-1 ; -r (CC14) 
8·72 (t, J 7 c./sec.) and 5·77 (q, J 7 c./sec.) (Et), 5·08 (s, 
ix-H), and 0·98 (s, 2-H)]. This ester was heated at 80° in 
ION-hydrochloric acid (23 ml.) for l ·5 hr. with vigorous 
stirring. The solution was evaporated to small bulk, 
diluted with ethanol, and further evaporated. The process 
was twice repeated and the remaining oily solid was tri-
turated with acetone. A solution of the residual solid in a 
little hot water was adjusted to pH 4 with potassium carbon-
24 T. Zsolnai , Biochem. Pharmacol. , I 964 , 13, 285. 
25 \V . R. Boon , \V. G. l\L Jones, and G. R. Ramage, ]. Chem. 
Soc., 1951 , 96 . 
28 F. L. Rose and D. J . Brown,]. Chem . Soc., 1956, 1953. 
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ate and concentrated to give 4-hydroxy-6-methyl-5-nitro-
pyrimidine (0·35 g.), m.p . 228-229° (from water), -r (CD 3) 2-
S0 7·7 (s, Me), and l ·64 (s, 2-H) (Found: C, 38· 95; H, 3·5; 
K, 27·45. C5H 5N 30 3 requires C, 38·7; H, 3·3; N, 27·1 %). 
The 5-amino-4-hydroxy-6-methylpyrimidine was con-
verted into its 4-hydrazino-analogue by a known routes 
because the following sequence via the 4-chloro-analogue 
proved impractical: the hydroxy pyrimidine (13 g.) and 
98% formic acid (70 ml.) were heated under reflux for 30 
min. The residue from evaporation was dissolved in 
methanol, which was then evaporated to remove residual 
formic acid (this procedure was repeated twice). The re-
maining 5-f ormamido-4-hydroxy-6-methylpyrimidine (91 % ) 
had m.p. 190-191° (from methanol) (Found: C, 46·8; 
H, 4·95; N, 27·4. C6H 7N 30 2 requires C, 47·05; H, 4·6; 
T' 27·4%) . A mixture of the formamidopyrimidine (2 ·3g.) , 
dimethylaniline (1·8 g.), and phosphoryl chloride (10 ml.) 
was heated at 50° for 5 min. The solution was poured 
on ice and the mixture was adjusted to pH 7 with ammonia. 
Extraction with ethyl acetate (5 X 120 ml.) and evap-
oration gave an oily residue which was diluted with ether 
( 15 ml.) . Refrigeration gave 4-chloro-5-f ormamido-6-methyl-
pyrimidine (5%), m.p. 90° (after sublimation at 75°/0·1 mm.) 
(Found: C, 42·0; H, 3·6; N, 24·5. C6H 6ClNJO requires C, 
42·0; H, 3·5; N, 24·5%) . 
5-Amino-4-hydrazino-6-methylpyrimidine ( l ·O g .), lri-
ethyl orthoformate (15 ml.), and ethanol (25 ml.) were 
heated under reflux for 3 hr. Evaporation under reduced 
pressure gave the dihydro-5-metlzylpenta-azanaphthalene, 
m .p. 190° (from ethanol) (cf. hemihydrate, 8 m.p. 153-154°) 
(Found: C, 48·5; H, 4·8; N, 46·9. C6H 7N 5 requires C, 
48·3; H, 4·7; N, 47·0%). Oxidation with silver oxide in 
tetrahydrofuran (as for the 5-demethyl homologue) gave a 
red solution. Evaporation and sublimation at 30° gave a 
few crimson needles too unstable even for analysis. 
1, 2-Dihydro-3, 7-diniethyl- l 2,4, 6,8-penta-azanaphthalene. 
- Treatment of 4-hydrazino-2-methyl-5-nitropyrimidine 
with ethyl orthoacetate (as for the corresponding formate) 
gave 4-[2-( ix-ethoxyethylidene) hydrazino ]-2-methyl-5-nitro-
pyrimidine (65%), m.p. 129° (from ethanol) (Found: C, 
45·2; H, 5·5; N, 28·9. C9H 13N 50 3 requires C, 45·2; H, 
5·5; N, 29·3%). Reductive cyclization as before gav 
the dihydro-3, 7-dimethylpenta-azanaphthalene ( 65%), m . p . 
<{'.:: 330°, m/e163(Found: C,51·4; H , 5·5; N,42·3. C7H 9K 5 
requires C, 51·5; H, 5·6; K, 42·9%). 
3, 7-Dimethyl-1,2,4, 6,8-penta-azanaphthalene.- The cli-
hydro-derivative was oxidized like its 3-methyl homologue. 
Final sublimation (70° /0·07 mm.) gave the red 3, 7-dimethyl-
penta-azanaphthalene (52%), m.p. 107-109°, m/e 161 
(Found: C, 51·8; H, 4·4; N, 43·5 . C7H 7~ 5 requires C, 
52·2; H, 4·4; :N, 43·5%) . This compound (0·05 g.) was 
dissolved in methanol. After 5 hr. at 5° the solution was 
concentrated to give yellow 5, 6-dihydro-5-methoxy-3, 7-di-
methyl-1,2,4,6,8-penta-azanaphthalene (60%), m.p. <{'.:: 330° 
(darkening above 90°) and v _ 3200 cm.- 1 (NH) (Found: max. 
C, 49·8; H, 6·2; N, 35·7 . C8HuN50 requires C, 49·7; H, 
5·7; N, 36·25o/o). 
5-Methoxy-3, 7-dimethyl- l, 2,4, 6,8-penta-azanaphthalene.-
The dihydro-3, 7-dimethyl compound was oxidized in 
methanol (like its 3-methyl homologue) to give the 5-
metlwxy-derivative (10%), m .p. 189°, m /e 191 (Found: C, 
49·8 ; H, 4 ·6 ; N, 37·2. C8 H 9 N;j0 requires C, 50·3 ; H, 4 7; 
N, 36·6%) . 
1, 2-Dih ydro-5, 7-dimethyl-l, 2, 4, 6, 8-penta-azanaphthlalene . 
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-(a) Diethylaniline (25 g.) was added slowly to a hot suspen-
sion of 4-hydroxy-2,6-dimethyl-5-nitropyrimidine 27 (28 g.) 
in phosphoryl chloride (150 ml.). The mixture was heated 
under reflux for 1 hr. and the excess of phosphoryl chloride 
was removed under reduced pressure. The residue was 
poured on ice and extracted with ether ( 4 X 500 ml.). 
The extracts were washed with water, dehydrated, and 
evaporated to give 4-chloro-2,6-dimethyl-5-nitropyrimidine 
(89%; cf. ref. 22), m.p. 35° (after sublimation 30°/0· l mm.) 
(Found : C, 38·2; H, 3·3; N, 22·25. Cale. for C6H 6ClN30 2 : 
C, 38·4; H, 3·2; N, 22·4%). The nitropyrimidine (21·5 g.) 
was hydrogenated at atmospheric temperature and pressure 
in methanol over Raney nickel. Evaporation of the filtered 
solution and crystallization of the oily residue from water 
gave 5-amino-4-chloro-2,6-dimethylpyrimidine (55%), m.p. 
73° (after sublimation at 70° /0· l mm.) (lit., 28 80°) (Found: 
C, 45·6; H, 5·5; T, 26·9. Cale. for C6H 8Cl ... 3 : C, 45·7; H, 
5· l; N, 26·7%). The base (9·8 g.) was added to a mixture 
of ethanol (30 ml.) and ION-hydrochloric acid (15 ml.). 
Refrigeration gave a crude hydrochloride (9·7 g.) which was 
heated under reflux with hydrazine hydrate (9·7 g.) in 
95% ethanol (150 ml.) for 4 hr. The mixture was diluted 
with methanol (150 ml.), treated with charcoal, and filtered. 
The filtrate was acidified with hydrochloric acid and evap-
orated to dryness. The residual 5-amino-4-hydrazino-
2,6-dirnethylpynmidine dihydroclzloride (62%) had m.p. 
218-220° (from methanol) (Found: C, 32·1; H, 5·8; N, 
31·25. C6H 13Cl 2K 5 requires C, 31·9; H, 5·8; ~. 31·0%). 
To a solution of the clihydrochloride (l·O g.) in water (10 ml.) 
was added sodium dithionite (0·2 g.), followed by sodium 
hydrogen carbonate (0·5 g.), and then by triethyl ortho-
formate (70 ml.) diluted with ethanol (20 ml.). The mixture 
was heated under reflux for 3 hr. Inorganic material was 
filtered off and the filtrate was evaporated. The residue 
was diluted with water (10 ml.) and extracted with ether. 
The aqueous solution was evaporated and the residue was 
added to ethanol (30 ml.) containing formic acid (1·0 ml.). 
Evaporation in vacuo, treatment of the remaining material 
with acetone (20 ml.), and refrigeration gave the dihydro-
5, 7-dimethylpenta-azanaphthalene formate (salt) (34%), m.p. 
210-211° (from ethanol) (Found: C, 46·0; H, 5·2; N, 33·2. 
C7H 9N 5 ,HCOiH requires C, 45·9; H, 5·3; N, 33·5%). 
(b) 4-Chloro-2,6-dimethyl-5-nitropyrimidine (10·5 g .) in 
95% ethanol (150 ml.) was added during 15 min. to a stirred 
solution of hydrazine hydrate (5·6 g.) in 95 % ethanol (200 
ml.) at -5°. The yellow solid was filtered off and washed 
with cold water followed by ethanol. 4-Hydrazino-2,6-di-
methyl-5-nitropyrinudine (79%) had m .p. 127·5-128·5° 
(from methanol) (Found: C, 39·6; H, 5·2; N, 38·4. C
6
H
9
-
N502 requires C, 39·3; H, 4·95; N, 38·2%) . A reversed 
addition of ethanolic hydrazine to the ethanolic chloro-
deri vative gave NN '-bis-2, 4-diniethyl-5-nitropyriniidin-6-yl-
hydrazi ne (90%), m.p. 225° (from methanol), m/e 334 (Found: 
C, 43·5; H, 4·3; N, 33·6. CuH14N 80 1 requires C, 43·1; H, 
4·2; N, 33·5%). Attempts to form 4,5-diamino-2,6-di-
methylpyrimidine 29 by hydrogenation were unsuccessful. 
4-Hydrazino-2,6-dimethyl-5-nitropyrimidine (2·5 g.) and 
98% formic acid (50 ml.) were heated at 100° for 30 min. 
The residue from evaporation was dissolved in ethanol and 
taken to dryness; the process was repeated twice. The 
final residue was extracted with boiling water (500 ml.); 
concentration of the extract gave 4-(2-formylhydrazino)-
2,6-dzmetlzvl-5-Hitropyrwzidme (50°~). m.p. 157-158° (from 
2
7 F. L. Rose, J. Chem. Soc., 1954, 4116. 
28 H. Andersag and K. Westphal, Ber., 1937, 70, 2035. 
J. Chem. Soc. (C), 1970 
ether) (Found: C, 40· l; H, 4·6; I , 33·4. C7H 9N 50 3 re-
quires C, 39·8; H, 4·3; N, 33·2%). The formyl derivative 
(l·O g.) was hydrogenated in ethanol over palladium-
carbon. The mixture was boiled under reflux for 3·5 hr. to 
complete cyclization and then filtered . Evaporation and 
addition of formic acid to the residue gave a formate salt 
(8%), identified with that described in (a) by mixed m.p. 
and i.r. spectra. The free base was rather unstable. 
Oxidation in tetrahydrofuran as for the 3-methyl analogue 
gave a red product with a typical spectrum in cyclohexane 
(Table 1). It decomposed on attempted sublimation. 
9-A rnino-2,6-dimetltylpurine.- 5-Amino-4-hydrazino-2, 6-
dimethylpyrimidine dihydrochloricle (0·30 g.), ION-hydro-
chloric acid (0·4 ml.), and triethyl orthoformate (10 ml.) 
were stirred for 3 hr. at 25°. The orange purine hydro-
chloride that precipitated was washed with acetone and hacl 
m.p. <j::: 320° (from ethanol) (Found: C, 42·4; H, 5·2; :X, 
34·7. C7H 9 • 5 ,HCl requires C, 42· l; H, 5·05; :X, 35· l %) . 
4, 6-Diniethyl- 7-nitro-l , 2, 3a, 5-tetra-azaindene .- 4-H ydra-
zino-2, 6-dimethyl-5-nitropyrimid ine (3·0 g.) ancl tricthyl 
orthoformate (45 ml.) were boiled under reflux for 1 hr. 
After treatment with charcoal the solution was evaporated 
to dryness. The residual nitrotetra-azaindene (2· l g.), m/e 
193, had m.p. 91-92° (from ethanol) (Found: C, 4:!·5; H, 
3·9; N', 36·5. C7H 7 50 2 requires C, 4;3.5; H, 3·65; :X, 
36·3%). This nitro-compound (1·3 g .) was hydrogenated in 
ethanol over Raney nickel. Concentration of the filtered 
solution to ca. 5 ml. gave, on refrigeration, the 7-amino-
analogue (0·80 g.), m.p. 149·5-150·5° (from ethanol) (Found: 
C, 51·3; H, 5·8; N, 43·2. C,H9l\5 requires C, 51·5; H, 
5·6; K, 42·9%). 
1, 2-Diltydro-3, 5-dinietltyl- I, 2,4, 6, 8-penta-azanap!,tltalene. 
-Acetylhydrazine (8·0 g.) in ethanol (100 ml.) was added 
during 20 min. to a vigorously stirred solution of 2,4-di-
chloro-6-methyl-5-nitropyrimidine 30 (20·8 g .) in ethanol 
(100 ml.) at -5°. At the same time, a slurry of sodium 
hydrogen carbonate (10 g .) and water (30 ml.) was added in 
portions to maintain the mixture at pH 5- 6. After l ·5 hr. 
stirring the solid was removed and washed with ethanol and 
ether. The filtrate and washings were concentrated to 
give a second crop. The yield of 4-(2-acetylhydrazino)-
2-chloro-6-methyl-5-nitropyrimidine, m .p. 201 ° (from ace-
tone), was 94% (cf. lit., 9 m.p. 201 °; 46 %) (vound: C, 34·3; 
H, 3·5; :N, 28·7. Cale. for C7H 8Cli 50 3 : C, 34·2; H, 3·25 ; 
N, 28·5%). 
The nitropyrimidine (5·0 g.) was hydrogenated in meth-
anol over palladium at 760 mm./25°. Concentration of the 
filtered solution gave the corresponding dechlorinated 
aminopyrimidine, a sample of which underwent partial 
cyclization during recrystallization. The crude amine 
(2·4 g .) and methanol (100 ml.) containing ca. 0·5% hydro-
gen chloride were heated under reflux for 1 hr. Concentra-
tion gave orange crystals of the dihydro-3,5-dimethylpenta-
azanaplzthalene dihydrochloride (83%), m .p . 252-253° 
(decamp.) (from methanolic hydrogen chloride) (Found: 
C, 33·5; H, 5·5; N, 27·2. C7HuC12N 5 ,H 20 requires C, 33· l; 
H, 5·2; 1 , 27·5%). The unstable base, liberated by addi-
tion of sodium hydrogen carbonate to a methanolic suspen-
sion of the salt, was isolated by evaporation of the filtered 
solution. It was immediately oxidized in tetrahydrofuran 
as was the 3-methyl analogue. The red solu tion , of typical 
29 R. N . Prasad, C. Vv. Noell, and R. K . Robins, ]. Amer. 
Chem . Soc., 1959, 81, 193. 
30 A. Albert, D . J. Brown, and H . C. S. Wood,]. Chem. Soc., 
1954, 3832. 
' 
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spectrum (diluted with cyclohexane: Table 1), gave a 
res id uc on evaporation which decomposed before su blim-
ation. 
1, 2-Diliydro-3, 5, 7-trfrnethyl- l, 2,4, 6, 8-penta-azanaphthal-
ene.-4-H ydrazino- 2, 6-di methyl-5-nitropyrimidine (2·0 g.) 
was treated (like its homologues) with triethyl orthoacetatc 
(10 ml.) to give 4-[2-(a.-etlzoxyethylidene)hydrazino]-2,6-di-
111ctlzyl-5-nitropyn·midine (0·60 g.), m.p. 98- 99° (from light 
petroleum) (Found: C, 47·6; H , 6·1; N, 27·7 . C10H 15N 5Q 3 
requires C, 47·4; H, 6·0; N, 27 ·65%). Reductive cycliz-
ation as for the analogues gave the diliydrotriniethylpenta-
a:. anaf>lithalene (2 1 %), m.p. 189- 190° (from 95% ethanol) 
(Found: C, 52·5; H, 6·4; N, 38·5 . C8HnN5,0·25H20 
requires C, 52·9; H, 6·4; N, 38·5%). 
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3,5, 7-Trimethy l-l, 2, 4, 6, 8-penta-azanaphthalene.-The di-
hydro-derivative was oxidized like its 3-methyl homologue 
to give the red trirnethy lpenta-azanaphthalene (30% after 
sublimation at 60°/0·1 mm.), m .p . 91° (decomp.) (Found: C, 
55·2; H, 5·35; N, 40·8. C8H 9N 5 requires C, 54·85; H, 
5·2; N, 40·0%). 
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